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ENGINEERING    PRELIMINARIES    FOR    AN 
INTERURBAN  ELECTRIC  RAILWAY. 


Introductory. 

Tn  view  of  the  present  interest  in  internrban  railway  de- 
velopment and  engineering  the  writer  submits,  as  the  result 
of  an  invitation  from  the  Street  Railway  Journal,  the  plans 
and  recommendations  embodied  in  a  report  on  a  proposed 
railway  in  the  Middle  West  which  serves  as  a  good  example 
of  many  roads  now  on  paper,  and  which  may  soon  assume 
tangible  form.  This  article  is  in  no  way  to  be  construed 
as  an  attempt  to  generalize  and  instruct  others  in  the  art  of 
railway  construction,  but  is  intended  to  show  the  way  in 
which  certain  conditions  were  to  be  met  in  a  certain  case, 
together  with  the  reasons  which  led  up  to  the  recommenda- 
tions and  plans  therein  submitted. 

At  the  time  the  writer  was  invited  by  the  promoters  to 
examine  and  report  on  the  proposed  road  and  its  equipment, 
there  had  been  submitted  by  one  of  the  large  manufacturing 
companies  a  proposition  to  equip  the  road  for  high-speed 
service  with  four  large  motors  of  125-hp  per  ear,  80-lb. 
track  rail,  and  100-lb.  third  rail,  and  correspondingly  heavy 
Mili-stations,  distributing  system  and  power  house.  The  pro- 
moters had,  furthermore,  taken  several  trips  to  examine  a 
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lately  opened  high-speed  railway  with  an  equipment  similar 
to  the  one  they  proposed  to  install,  and  there  seemed  to  be 
a  fairly  unanimous  opinion  that  the  new  road  should  follow 
the  same  general  lines.  As  I  shall  again  refer  to  this  road 
we  may  designate  it  for  our  purpose  as  the  A,  B  &  C  Rail- 
way. The  writer's  recommendations  differed  in  many  re- 
spects from  those  proposed  by  the  manufacturing  company, 
mostlv,  however,  in  the  fact  that  smaller  motors  and  smaller 
sub-stations  and  power  house  equipments  wTere  recommended 
throughout  for  the  reason  that,  as  will  be  shown  below,  as 
good  or  better  service  could  be  given  with  these  smaller 
equipments  than  with  the  larger  ones,  by  a  very  simple  de- 
parture from  the  accepted  form  of  time-table  in  use  on  most 
railways.  As  a  result  the  proposed  total  investment  per  mile 
of  track  is  very  much  lower,  and  the  operating  costs  per  car- 
mile  will  at  the  same  time  be  reduced. 

It  is  far  from  the  writer's  intention  to  insinuate  any  ten- 
dency on  the  part  of  the  manufacturing  companies  to  recom- 
mend and  sell  heavier  equipments  than  are  necessary. 
Xumerous  instances  are  on  record  where  selling  companies 
proposed  less  expensive  equipments  than  those  demanded  by 
the  purchaser,  and  their  reputations  in  this  respect  are  suffi- 
cient evidence  to  the  contrary. 

The  present  tendency  towards  extremely  heavy  equip- 
ments for  cross-country  roads  is  an  outgrowth  of  elevated 
and  similar  practice,  where  heavy  equipments  and  high  ac- 
celeration are  not  only  justified  but  absolutely  necessary. 
The  earnings  of  elevated  roads  which  warrant  these  heavy 
investments  are  never  approached,  however,  by  the  strictly 
mterurbau  road,  and  there  are  several  of  the  latter  now  in 
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operation  which  stagger  under  the  financial  burden  of  the 
elevated  equipment  and  country  road  income. 

The  preliminary  step  in  any  electric  railway  undertaking, 
therefore,  is  first  to  make  an  accurate  and  conservative  esti- 
mate of  the  income  which  can  be  derived  from  all  possible 
sources  of  revenue,  including  passenger  and  freight  receipts, 
amusement  resorts,  mail  and  express  and  electric  lighting 
and  power.  This  estimate  should  not  be  a  mere  guess,  but 
can  be  very  accurately  arrived  at  by  comparison  with  what 
other  roads  are  doing.  One  must  carefully  choose  roads, 
however,  which  physically  and  financially  are  nearly  parallel 
cases  to  the  proposed  road,  operate  in  much  the  same  class 
of  country,  industrially  considered,  and  known  to  be  effi- 
cienty  equipped  and  handled.  The  examples  from  which  to 
judge  need  not  be  numerous  if  they  are  carefully  chosen. 
The  plans  for  our  example,  which  we  will  call  the  D,  E  &  F 
Railway,  will  be  developed  from  the  preliminary  estimate 
of  income  and  equipment  to  the  operating  details. 

Estimated  Income. 

A  map  of  the  proposed  railway,  Fig.  1,  shows  that  it  would 
serve  a  number  of  small  towns,  and  that  it  parallels  a  trunk 
line  railway  which  gives  a  very  fine,  though  infrequent,  ser- 
vice. The  surrounding  country  is  one  of  the  rich  farming 
districts  of  the  West,  and  F  is  a  large  industrial  town.  There 
is  also  considerable  industrial  activity  in  most  of  the  towns  to 
the  west  of  F  as  far  as  E.  From  E  to  D  is  a  farming  and 
dairy  country,  with  few  or  no  industries.  The  first  step  now 
is  to  get  an  accurate  record  of  the  population.    For  this  pur- 
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pose  census  figures  only  should  be  used.  All  of  the  popula- 
tion of  towns  along  the  railway  may  be  counted,  and  all  of  the 
country  population  within  three  miles  of  either  side  of  the 
railway.  The  result  is  the  population  figure  which  appears  on 
the  map  and  which  does  not  include  the  population  of  the 
terminal  city,  which  cannot  be  counted  because  the  road  will 
not  serve  all  of  its  population,  and  as  the  percentage  served 
is  uncertain,  it  is  advisable  to  base  all  comparative  figures  on 
a  common  basis. 

Comparing  the  proposed  road  carefully  with  others  in 
operation  we  find  the  following  roads  which  operate  through 
nearly  the  same  class  of  territory.  The  names  of  the  roads 
are  omitted  and  initials  substituted  arbitrarilv  for  obvious 
reasons: 

Gross  re-        Gross 
Popula-                       Gross  re-    ceipts  per      receipts     Operat- 
ion         Miles,          ceipts     mile  track  per  capita       ing 
served.       track.       per  year,     per  year,  per  ytar.  expense. 

1  G&H 150.000  153  $753,000  $4,920  $5.02  56% 

2  I&J 22,600  30  165.000  4,230  7.30  53% 

3  K&L 49,700  108  464.000  4.285  9.34  54% 

4  M   &   N 63,000  58  338,000  5,820  5.37  54% 

In  view  of  the  fact  that  these  four  roads  are  examples 
selected  because  of  similarity  to  the  case  under  discussion, 
they  represent  very  nearly  what  earnings  may  be  expected  of 
the  D,  E  &  F  Railway.  The  population  outside  of  the  termi- 
nal city  D  being  61,600,  and  assuming  the  lowest  per  capita 
earnings  listed  $5.02,  would  give  an  estimated  gross  income 
of  61,600x$5.02=$309,000. 

The  average  per  mile  gross  receipts  for  the  four  roads  is 
$4,815.  The  D,  E  &  F  will  have  a  mileage  of  sixty-four.  On 
this  basis  the  gross  receipts  should  be  G4x$4,815=$308,000. 

The  average  per  capita  income,  adding  all  gross  receipts 
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and  dividing  by  the  population  of  all  four  roads,  is  $6.20. 
Using  this  as  the  per  capita  figure  we  have  $6.20x01,600= 
$381,000.  It  will  on  the  whole,  however,  be  safer  to  use  the 
lowest  figure,  or  about  $310,000  as  the  estimated  gross 
income. 

The  operating  expenses  may  safely  be  assumed  as  55  per 
cent,  of  the  gross  receipts,  or  $170,000,  leaving  $140,000  for 
interest,  sinking  fund  and  dividends. 

As  a  matter  of  fact  there  is  considerable  revenue  to  be 
derived  from  the  sale  of  electric  light  and  power  along  the 
line,  and  the  carload  freight  business  should  also  be  at- 
tempted. By  a  vigorous  pushing  of  these  items  and  an  ex- 
ceptionally good  passenger  service  it  should  not  become 
difficult  for  a  good  manager  to  push  the  gross  income  as  high 
as  $100,000  per  annum.  Having  now  estimated  the  income, 
we  may  proceed  to  estimate  the  investment  required  to  pro- 
duce it. 

General  Requirements. 

The  road  has  a  length  of  62.5  miles  from  end  to  end,  not 
including  side  tracks.  As  the  map  shows,  for  most  of  its 
distance  it  parallels  a  steam  road  which  gives  a  most  excel- 
lent service,  and  has  express  trains  between  D  and  F,  making 
the  time  in  one  hour  and  forty  minutes,  including  a  stop  at 
E.  The  fares  on  the  steam  road  are  about  2^  cents  per  mile, 
and  there  are  three  express  trains  and  five  locals  in  each 
direction  each  day.  In  order  to  give  as  good  or  better  service 
on  the  electric  line  it  is  necessary  to  provide  comfortable, 
even  luxurious,  coaches  and  make  as  fast  time  between  ter- 
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minals  as  the  steam  railroad  does.  It  is  becoming  customary, 
too  much  so,  to  recommend  for  such  service  an  acceleration 
of  2  miles  per  hour  per  second,  a  maximum  speed  of  GO  miles 
to  70  miles  per  hour,  and  a  schedule  speed  of  from  40  miles 
to  45  miles  per  hour,  as  previously  mentioned. 

Such  a  proposition  is  worth  the  most  careful  consideration. 
It  has  the  advantage  that  with  the  schedule  speed  proposed 
the  fastest  time  of  the  steam  trains  may  be  equalled  and  the 
traffic  between  local  points  accommodated  at  the  same  time. 
Each  car  becomes  an  express  train,  and  there  is  really  only 
one  tangible  objection  which  can  be  urged  against  such  an 
equipment,  namely,  its  high  first  and  operating  cost.  The 
high  rate  of  acceleration  and  frequent  stops  demand  excess- 
ive power,  which,  in  turn,  demands  heavier  apparatus  all  the 
way  back  from  the  car  to  the  boiler  room  in  the  power  house. 
"Without  question  there  are  places  where  such  an  equipment 
will  well  repay  the  extra  cost  of  installing  it,  but  the  place 
for  it  is  hardly  in  the  class  of  roads  of  which  the  D,  E  Sr  F 
is  an  example. 

In  order  to  reduce  the  first  cost  and  at  the  same  time  en- 
able a  service  to  be  given  which  shall  meet  the  competition 
of  the  steam  road,  the  writer  arranged  a  train  schedule  of 
which  Fig.  2  is  a  sample.  The  number  of  cars  required  in 
service  to  maintain  this  schedule,  with  half-hour  headway, 
is  ten  as  against  eight,  which  would  be  required  were  the 
heavier  equipment  installed  and  used.  Emphasis  must  be 
laid  on  the  last  condition  because  of  the  roads  which  have 
been  built  and  equipped  to  maintain  a  schedule  speed  of  35 
miles  to  40  miles  per  hour,  with  stops  averaging  3  miles 
apart ;  there  is  to-day  not  one  which  actually  is  making  this 


12  General  Requirements. 

schedule  speed,  not  because  of  inability  to  attain  the  maxi- 
mum speed,  but  due  to  the  numerous  stops.  One  of  these  is 
the  A,  B  &•  0  road  referred  to,  which  has  cars  equipped  for 
such  speeds,  but  whose  schedule  at  present  is  28  miles  per 
hour,  and  there  is  little  prospect  of  its  ever  exceeding  34 
miles  per  hour  unless  a  limited  service  is  inaugurated,  which, 
however,  is  not  what  the  equipment  was  designed  for  —  this 
on  a  road  having  practically  no  city  or  street  tracks  and  en- 
tirely on  its  own  right  of  way.  It  seems,  therefore,  that 
while  40  miles  per  hour  schedule  speed  is  perfectly  feasible 
its  practical  application  and  economy  on  a  country  road  re- 
mains yet  to  be  demonstrated,  and  it  should  not  at  present 
be  accepted  as  sufficient  reason  for  additional  investment  on 
a  road  such  as  is  under  discussion,  and  which  has  a  consider- 
able street  mileage. 

A  little  study  of  train  movements,  as  shown  in  Fig.  2, 
shows  that  there  are  three  classes  of  service  provided  for 
while  there  are  only  two  classes  of  trains.  The  "  limited  " 
trains  consist  of  two  cars,  but  onlv  one  of  these  is  a  through 
car.  The  other  car  of  the  train  is  "limited"  for  half  the 
distance,  and  is  then  dropped  to  a  local : 

1.  A  "  limited  "  service,  making  the  time  between  D  and 
F  in  one  hour  and  fifty  minutes,  or  a  schedule  speed  of  34 
miles  per  hour. 

2.  A  mixed  limited  sen-ice,  being  a  local  half  the  distance 
and  limited  the  rest  of  the  distance.  The  time  required  by 
one  of  these  cars  is  two  hours  and  twenty-five  minutes. 

3.  A  local  service,  making  the  distance,  D  to  F,  in  three 
hours,  or  a  schedule  speed  of  21  miles  per  hour. 

The  first  or  >l  limited  "  service  will  land  through  passen- 
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gers  at  either  terminal  as  quickly  as  the  steam  trains.  The 
second  class  of  service  is  modelled  on  the  suburban  time- 
tables of  many  steam  roads,  which  run  trains  "  express  "  part 
way  and  "  local  "  the  balance  of  the  run.  This  class  of  trains 
should  serve  a  very  numerous  class  of  passengers  desiring 
quick  time  from  country  points  to  city.  The  local  trains 
proper  have  a  two-hour  headway,  and  would  naturally  get 
little  through  traffic,  but  they  serve  a  very  useful  purpose 
in  handling  the  traffic  between  country  points.  Moreover, 
such  trains  can  also  take  care  of  the  mail  and  express  business 
by  attaching  a  regular  express  car  to  the  local. 

It  is  quite  clear  that  this  schedule  can  only  be  used  when 
cars  are  equipped  on  the  multiple-unit  system  of  train  con- 
trol. Xo  railway  should  be  installed  in  any  other  way  in 
the  present  state  of  the  art.  The  only  objections  against  the 
system  are  complicated  mechanism  and  high  first  cost.  The 
first  objection  is  answered  by  the  fact  that  cars  so  equipped 
are  giving  less  trouble  in  service  than  similar  ones  equipped 
with  hand  control.  The  second  objection  is  formidable,  but 
good  things  command  a  high  price,  and  the  only  remedy  is 
to  accept  the  situation  and  pay  the  price  demanded,  which 
may  be  high ;  yet  it  is  even  more  expensive  to  be  without  it. 
Better  to  cut  out  some  of  the  fancy  apparatus  in  the  power 
house  and  sub-stations  and  apply  the  money  saved  to  pur- 
chase of  a  train-control  system.  The  road,  of  course,  is  to  be 
single  track,  and  it  will  be  urged  by  many  practical  railway 
men  that  the  schedule  shown  in  Fig.  2  is  complex  and  makes 
too  many  meeting  points  at  irregular  intervals,  as  compared 
with  a  schedule  providing  half -hourly  headway,  which  would 
give  practically  the  same  class  of  service  with  all  cars  having 
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the  same  schedule  time  between  terminals.  This  objection  is 
not  quite  as  formidable  as  it  appears.  With  half-hourly 
headway  and  two  hours  time,  the  number  of  meeting  points 
will  be  seven,  the  same  as  that  of  the  "  local  "  cars  in  schedule, 
Fig.  2.  The  "  limited "  trains  will  have  only  six  meeting 
points  and  the  total  number  of  meets  wall,  therefore,  be  less. 
It  is  true  that  these  meets  occur  at  unequal  intervals,  and  a 
siding  which  may  be  a  meeting  point  on  one  trip  may  not  be 
on  the  next  trip  of  the  same  car.  Considering  the  amount 
and  various  classes  of  traffic  handled  on  single-track  steam 
roads,  such  as  the  Erie,  it  should  not  be  difficult  to  apply  to 
the  case  in  hand  the  methods  of  despatching  which  have  made 
it  possible  in  steam  practice,  especially  if  the  electric  road 
has  in  addition  to  a  thorough  despatching  system  an  auto- 
matic block  signal  system.  The  latter  can  now  be  obtained 
in  the  market,  and  no  road  should  be  without  such  a  safe- 
guard, for  the  advertising  effect  on  the  public  and  the  moral 
effect  on  employees  alone  make  it  a  paying  investment.  It 
should  be  noted  that  a  half-hourly  headway  with  single  cars 
is  assumed  to  take  care  of  all  the  business  the  road  is  capable 
of,  and  Fig.  2  is  designed  to  operate  cars  to  give  a  service  of 
approximately  the  same  number  of  car  miles  as  the  half -hour 
service.  In  case  it  were  found  more  desirable  to  give  an 
hourly  headway  with  single  cars,  Fig.  2  may  be  modified  simi- 
larly, giving  "  local "  service  at  two-hour  intervals  and  a 
"  limited  "  service  at  intervals  to  suit  the  traffic.  A  frequent 
service  up  to  certain  limits  seems  to  be  more  profitable,  how- 
ever, and  if  the  business  warrants  it  should  certainly  be 
adopted. 

Another  point  which  may  be  urged  in  favor  of  Fig.   2 
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schedule  is  that  with  the  multiple-unit  control  system 
"  extra  "  cars  need  not  be  sent  out  on  the  line,  but  can  simply 
be  attached  to  a  regular  car  without  in  any  way  interfering 
with  its  schedule,  in  fact  adding  to  the  maximum  possible 
time  of  the  "  regular."  There  is  an  absence,  therefore,  of 
any  need  for  the  troublesome  "  extras,"  which  are  the  cause 
of  probably  80  per  cent,  of  the  wrecks  occurring  on  both 
steam  and  electric  roads.  This  same  rule,  of  course,  holds  in 
the  case  of  single  cars  at  equal-time  intervals,  and  it  is  cited 
here  only  to  show  that  with  the  schedule  and  system  recom- 
mended the  question  of  "  extras  "  and  provision  for  them 
cannot  be  urged  against  it. 


Third  Rail  vs.  Trolley. 

A  further  point  to  be  decided  before  details  are  determined 
upon  is  whether  the  third  rail  or  overhead  trolley  should  be 
adopted.  Apparent  lower  first  cost  very  often  decides  this 
in  favor  of  trolley.  The  trolley  has  been  so  long  standard- 
ized and  has  given  such  universal  satisfaction  that  the  third 
rail  is  often  looked  upon  with  suspicion;  it  is  reported  to  be 
dangerous  to  life,  troublesome  in  freezing  weather,  expensive, 
etc.  As  a  matter  of  fact,  the  third  rail  as  a  conductor  of  cur- 
rent has  some  disadvantages,  notably  that  of  becoming  trouble- 
some when  coated  with  ice.  This  objection  is  gradually 
being  met  and  removed,  and  one  may  confidently  predict 
that  in  one  or  two  more  winters  sufficient  experience  will 
have  been  had  entirely  to  overcome  these  disadvantages.  The 
trolley  itself  is  not  entirely  above  reproach  in  this  respect. 
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In  the  matter  of  first  cost  there  is  often  unconscious  dis- 
crimination, due  to  the  fact  that  the  conductivity  of  the  cir- 
cuit  is  lost  sight  of.  One  often  hears  it  argued  that  "  we 
can  put  up  a  trolley  for  $1,500  per  mile,  and  the  third  rail 
costs  $3,500  per  mile,  and  the  trolley  poles  can  be  used  for 
the  high-tension  wires."  On  closer  investigation,  it  usually 
appears  that  the  speaker  has  compared  a  single  000  line  or 
0000  line  or  a  double  00  trolley  having  a  conductivity  equal 
to  about  200,000  circ.  mil  copper,  with  a  third  rail  of  70  lbs. 
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FIG.    3. DIFFERENCE   IN    COST   BETWEEN    TROLLEY   AND 


THIRD  RAIL. 


to  80  lbs.  per  yard,  which,  with  low  carbon  steel,  will  give  a 
conductivity  equal  to  1,000,000  circ.  mil  or  over  in  copper. 
The  curves  shown  in  Fig.  3  have  been  prepared  to  show  the 
difference  in  first  cost  between  trolley  and  third  rail,  and  it  is 
interesting  to  note  that  the  rail  is  lower  in  first  cost,  even 
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down  to  the  smallest  sizes.  The  prices  used  in  making  np 
the  costs  were  those  current  in  October,  1902,  pins  a  10  per 
cent,  margin,  and  copper  was  figured  at  14  cents  per  pound, 
delivered.  Single-track  bracket  construction  only  was  cal- 
culated, as  it  has  become  standard  for  interurban  railways 
of  the  class  we  are  now  considering. 

The  steel  for  third  rail  was  assumed  to  be  of  a  grade  giv- 
ing a  conductivity  7.5  to  1  as  compared  with  copper.  Its 
cost  was  estimated  at  $38  per  ton  delivered  for  the  larger 
sizes',  and  $10  per  ton  delivered  for  the  smaller  sizes.  It  is 
to  bo  hoped  that  with  an  increasing  demand  the  rail  mills 
will  put  this  low  carbon  steel  on  the  market  at  the  same  price 
as  the  standard  mixtures.  The  cost  also  includes  extra 
length  of  ties,  bonding,  insulators  and  an  allowance  for 
200  ft.  of  cable  at  highway  crossings. 

The  dotted  lines  compare  the  costs  when  a  high-tension 
transmission  line  is  required.  The  poles  must  then  be  con- 
siderably higher  than  when  used  for  trolley  purposes  only. 
The  high-tension  wires  should  be  put  out  of  reach  of  the 
trolley  pole.  For  this  extra  length  of  poles  an  increased 
cost  of  $3  per  pole  has  been  allowed.  For  the  high-tension 
lino  forty  poles  per  mile  at  a  cost  of  $8.50  in  place  are 
allowed.  The  result  is  shown  in  dotted  curves  B  and  D, 
Fig.  3.  The  cost  of  third  rail,  plus  pole  line,  is  at  all  points 
considerably  lower  than  the  cost  of  trolley  line  carrying 
high-tension  wires. 

It  so  happens  that  a  single  No.  00  trolley  wire  and  a  10-lb. 
per  yard  soft  carbon  rail  have  almost  exactly  the  same  con- 
ductivity—  133,000  circ.  mil  copper,  making  allowance  for 
cables,  bonds,  etc.      If  the  rail  could  be  bought  for  $10  per 
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ton,  then  the  cost  per  mile  of  third  rail  would  1m?  $1,065. 
This  includes  an  allowance  for  extra  length  of  ties,  cost  of 
insulators,  bonding,  joint  plates  and  provision  for  200  ft. 
of  cable  at  highway  crossings.  The  00  trolley  would  be 
$1,308,  with  copper  at  1-i  cents  and  material  on  the  same 
basis,  or  about  23  per  cent,  more  expensive  than  third  rail. 
It  is  not  expected  that  the  third  rail  will  be  installed  in  such 
small  sizes,  but  the  comparison  serves  a  useful  purpose. 

The  chief  advantage  of  the  third-rail  system,  however,  is 
its  low  maintenance  cost.  It  is  this  feature  which  warrants 
its  continued  increased  use,  and  no  doubt  will  make  it  ad- 
visable for  many  roads  now  using  trolleys  in  high-speed  ser- 
vice to  change  to  third  rail. 

Assuming  that  a  service,  as  shown  in  Run  Sheet,  Fig.  2, 
has  been  adopted,  third  rail  and  train  control  have  been  de- 
cided upon,  and  the  road  is  to  be  built  in  a  manner  success- 
fully to  compete  with  the  parallel  steam  line,  while  at  the 
same  time  keeping  the  investment  as  low  as  is  consistent  with 
permanency,  the  details  of  construction  are  next  to  be  con- 
sidered. 

Location. 

An  interurban  private  right  of  way  located  along  the 
highway  is  very  often  a  sign  of  imperfect  emancipation  from 
horse-car  practice.  It  is  sometimes  urged  that  it  is  necessary 
to  adopt  such  a  location  in  order  to  serve  the  country  popula- 
tion along  the  highway.  If  that  population  must  be  served 
to  the  extent  of  sticking  to  the  highway,  then  it  would  seem 
best  to  avoid  the  expense  of  a  private  right  of  way  and  locate 
tracks  in  the  middle  or  on  one  side  of  the  highway.     Follow- 
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ing  the  highway  usually  means  numerous  stops,  which  pre- 
clude high  schedule  speed;  and,  vice  versa,  high  schedule 
speed  is  impossible  along  the  highway  because  of  teams  on 
the  road  and  in  the  door  yards  of  houses,  numerous  cross- 
ings  at  entrances  to  farm  houses  and  fields,  not  to  mention 
the  objections  of  the  wary  native  who  may  dislike  to  see  a 
car  pass  by  his  door  at  50  miles  to  60  miles  per  hour  without 
stopping  for  his  accommodation. 

Furthermore,  highways,  as  a  rule,  follow  township  and 
section  lines,  almost  regardless  of  gradients.  In  order  to 
enable  cars  to  be  operated  on  or  to  one  side  of  them  it  is 
sometimes  necessary  to  mount  grades  of  6  per  cent,  to  8  per 
cent.,  or  to  assume  great  expense  in  filling  or  cutting  to 
avoid  them. 

On  the  other  hand,  it  is  not  always  the  best  policy  to  locate 
the  line  to  obtain  the  best  gradients,  nor  to  locate  exactly  as 
a  steam  road  would  be  located.  Curves  and  grades  are 
much  less  serious  obstacles  to  electric  cars  than  they  are  to 
steam  trains,  and  if  a  particularly  prosperous  fanning  com- 
munity can  be  approached  by  a  little  detour  of  the  line  it  is 
well  to  consider  carefullv  before  deciding  either  way.  As  a 
general  rule,  however,  the  writer  believes  it  to  be  the  best 
policy  to  locate  the  private  right  of  way  when  near  country 
houses  so  that  the  house  and  barn  shall  be  between  the  rail- 
way and  the  highway.  This  avoids  some  of  the  objection- 
able features  of  the  highway  location  and  at  the  same  time 
serves  the  neighborhood.  One  must  not  lose  sight  of  the 
fact  that  interurbans  are  and  must  continue  to  be  local  roads, 
dependent  upon  the  population  reached  for  their  revenue. 
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Referring  to  the  map,  Fig.  1,  on  a  previous  page,  the 
D,  E  &  F  Railway  starts  at  the  center  of  D.  It  has  its 
own  tracks,  and  does  not  anywhere  use  the  local  street  rail- 
way's track  or  current.  After  passing  the  Union  Depot  and 
crossing  a  steam  road  at  grade  the  line  cuts  diagonally  across 
city  lots  and  touches  the  small  suburb  O,  without  leaving  its 
private  right  of  way.  The  same  way  it  passes  X,  where  a 
route  lias  been  found  which  does  not  necessitate  any  street 
tracks.  From  X  the  course  is  due  east,  paralleling  a  high- 
way, but  sufficiently  far  away  to  permit,  high  speed.  At  a 
point  about  two  miles  east  of  M,  there  is  a  crossing  with  the 
steam  railway.  This  is  to  be  made  overhead  for  reasons 
which  will  be  shown  later. 

At  M  and  L  the  road  passes  through  on  its  own  right  of 
way.  and  between  these  towns  the  light  of  way  is  parallel 
and  adjacent  to  the  steam  railroad.  At  E  the  right  of  way 
extends  well  into  the  city  limits,  but  the  tracks  follow  the 
street  the  whole  length  of  the  business  section  of  E.  Pass- 
ing E  the  right  of  way  is  so  shaped  that  cars  touch  the  hamlet 
K  through  J  and  I,  all  on  its  own  right  of  way,  and  pass 
through  a  short  section  of  street  at  II,  with  another  overhead 
crossing  between  I  and  H.  From  II,  through  G  to  F,  the 
right  of  way  is  again  parallel  to  the  steam  railroad,  and  cars 
enter  the  city  streets  at  the  entrance  to  F.  There  is  a  total 
of  5.4  miles  of  the  road  on  public  street,  the  balance  of  57 
miles  being  private  right  of  way. 

The  width  of  the  right  of  way  should  never  be  less  than  40 
ft.,  even  for  single-track  roads.  The  price  paid  for  land  is 
often  fixed  arbitrarily  and  independent  of  the  width  of  the 
strip,   so   that  by   insisting  on  sufficient  width   in    the   first 
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place  the  cost  is  usually  no  more  than  a  narrower  strip  of 
land. 

Roadbed  and  Track. 

In  the  ease  we  are  considering  there  is  comparatively  little 
grading  to  be  done,  the  country  being  practically  level.  Cuts 
and  fills  do  not  exceed  over  3  ft.  in  depth  at  any  place,  and 
the  whole  right  of  way  is  so  chosen  that  the  grades  do  not 
exceed  1.2  per  cent,  except  in  one  case  where  there  is  a  grade 
of  1.8  per  cent,  for  a  distance  of  800  ft.  The  flatness  of 
the  land  is  a  reason  for  using  extra  care  to  secure  good  drain- 
age of  the  roadbed.  There  are  several  bridges  of  10-ft.  to 
25-ft.  span  required.  These  may  preferably  be  made  of 
steel  concrete  construction.  In  a  few  cases  the  headroom 
under  the  bridge  is  so  low  that  concrete-arch  construction 
cannot  be  employed,  and  steel  girders  laid  on  concrete  abut- 
ments must  be  used  to  secure  the  necessary  cross  sectional 
area  for  the  flow  of  water  at  its  maximum  stage.  The  sub- 
grade  is  to  have  a  width  of  14  ft.  for  single  track  and  25  ft. 
for  double  track  at  sidings. 

The  two  railroad  crossings  that  have  been  referred  to  are 
recommended  to  be  built  so  that  the  electric  railway  crosses 
the  steam  road  above  grade,  the  approaches  to  consist  of  earth 
embankments  with  a  2  per  cent,  grade.  Such  crossings  can 
be  built  for  about  $32,000  each,  even  in  a  perfectly  flat  coun- 
try. The  fixed  charges  on  this  investment  amount  to  about 
$1,600  per  annum,  hardly  more  than  the  maintenance  of  an 
interlocking  plant,  and  immeasurably  cheaper  than  the  latter 
when  the  time  lost  is  capitalized  and  the  extra  cost  of  power 
added  to  it.  A  crossing  above  grade  also  disposes  at  once 
and  for  all  time  of  the  possibility  of  collisions  at  such  points. 
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The  right  of  way  is  to  be  fenced,  not  alone  on  account  of 
using  the  third  rail,  but  as  an  insurance  against  accidents, 
which  would  be  an  advisable  measure  with  any  construc- 
tion. 

In  the  case  at  hand,  gravel  has  to  be  purchased  and  hauled 
long  distances  by  railroad,  as  none  is  available  along  the 
right  of  way.  The  cost  laid  down  is  estimated  between  GO 
cents  and  65  cents  per  yard.  There  is  available,  however, 
a  good  quality  of  rock,  and  while  the  cost  of  rock  ballast 
would  not  be  warranted,  provided  gravel  could  be  put  down 
for  a  lower  figure,  it  here  becomes  good  engineering  to  use  this 
rock.  Its  cost  is  very  largely  a  matter  of  good  management, 
and  when  properly  handled  this  rock  ballast  may  be  laid 
down  for  but  little  more  than  gravel,  or  at  an  estimated  cost 
of  80  cents  per  cubic  yard.  Its  use  should  be  liberal,  not 
less  than  2,200  cu.  yds.  per  mile  of  track.  Plenty  of  ballast 
properly  placed  is  generally  conceded  to  be  the  chief  ingre- 
dient of  a  good  roadbed,  and  it  is  poor  engineering  to  at- 
tempt to  build  a  good  track  with  heavy  rail  and  only  little 
ballast,  because  the  latter  is  very  much  less  expensive  than 
steel  rails  per  mile  of  track,  and  a  better  track  for  less  money 
may  be  built,  using  plenty  of  good  ballast  and  small  rails. 

The  question  of  cedar  ties  versus  hard  wood  has  been 
pretty  thoroughly  thrashed  out  by  steam  roads,  and  the  use 
of  cedar  ties  is  increasing,  which  is  pretty  good  evidence  that 
they  are  satisfactory,  at  least  on  tangents.  The  specifications 
should,  therefore,  read  for  cedar  ties,  6  ins.  x  8  ins.  x  8  ft., 
spaced  2  ft.  between  centers  on  tangents,  every  fifth  tie  to 
be  chestnut  or  oak,  8  ft.  6  ins.  to  9  ft.  long,  depending  on  the 
distance  of  the  third  rail  from  the  track  rail,  which  will  be 
discussed   under   its   proper  heading.       On   curves   all   ties 
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should  be  of  chestnut  or  oak.  "Whether  the  ballast  should 
be  tamped  level  with  the  top  of  the  tie  or  crowned  at  the 
center  is  outside  the  sphere  of  this  paper. 

Steel  rails  for  the  track  are  the  most  expensive  single  item 
that  goes  to  make  up  the  grand  total  of  the  cost  of  a  railway, 
and  one  cannot  be  too  careful  in  choosing  correctly  to  meet  the 
requirements  without  buying  a  rail  either  too  large  or  too 
small.  The  first  duty  of  the  rail  is  to  provide  a  smooth 
pathway  over  which  the  wheel  may  roll  with  a  minimum  of 
friction.  This  it  does  regardless  of  the  size  of  the  rail,  pro- 
vided the  alignment  remains  constant.  To  preserve  this 
alignment  it  is  necessary  that  the  rail  have  sufficient  stiffness 
so  that  it  will  not  bend  when  a  weight  is  imposed  midway  be- 
tween two  supports  From  these  and  allied  necessities  has 
been  evolved  the  present  form  of  rail  which  in  steam  railway 
practice  is  sometimes  subjected  to  a  weight  of  40  tons  and 
over  per  axle  imposed  with  the  hammer  blow  of  the  recipro- 
cating parts  of  the  locomotive.  The  tendency  has  been  to 
increase  the  size  and  weight  of  rails  in  this  class  of  work, 
and  electric  railways  have  followed  this  practice  to  a  point 
where  the  extra  cost  of  these  heavy  rails  often  is  not  war- 
ranted by  corresponding  gains.  Taking  into  consideration 
the  fact  that  there  are  no  reciprocating  parts  on  an  electric 
car,  there  is  consequently  none  of  the  hammer  blow  to  test 
the  strength  of  the  rail  as  with  steam  locomotives.  It  is  fur- 
ther to  be  considered  that  the  heaviest  electric  cars  in  use 
to-day  do  not  exceed  45  tons  in  weight,  and  wo  are  not  likely 
to  go  very  much  higher.  This  weight  is  equally  distributed, 
over  four  axles,  and  the  maximum  weight  per  axle,  therefore, 
is  not  likely  to  exceed  12  tons  in  electric  cars  for  some  little 
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time.  It  is  apparent,  therefore,  that  a  very  much  smaller 
rail  may  be  satisfactory  for  an  electric  railway  than  for  a 
steam  railway.  Just  how  much  smaller  the  rail  may  be 
made  is  a  fine  point  to  decide. 

Another  factor  enters  here  which  is  absent  on  steam  roads, 
namely,  the  value  of  the  rail  as  a  return  feeder.  This  de- 
pends  again  on  the  total  amount  of  current  lost  in  the  rail 
for  a  given  period.  It  is  this  factor  which  warrants  the  use 
of  extremely  heavy  rails  in  city  work  where  cars  are  numer- 
ous and  the  current  transmitted  runs  into  thousands  of  am- 
peres. For  the  interurban  railway  under  discussion  the 
difference  in  current  so  lost  did  not  warrant  any  additional 
investment  in  rails,  and  it  would  appear,  from  calculations 
made  on  this  basis  and  a  comparison  of  service  conditions 
with  other  roads,  that  a  rail  weighing  60  lbs.  per  yard  would 
be  large  enough.  On  account  of  the  comparatively  high 
speed  and  the  possibility  of  heavier  cars  or  heavier  traffic  or 
both  in  the  future  a  rail  weighing  70  lbs.  per  yard  was  actu- 
ally recommended.  For  speeds  of  60  miles  per  hour  and 
over  new  conditions  have  to  be  met  which  do  not  alter  the 
ease  in  hand,  and  it  is  to  be  hoped  that  no  one  will  cite 
the  failure  of  the  track  during  the  Berlin-Zossen  tests  as 
having  any  bearing  in  this  case. 

The  length  of  rails  and  the  cost  of  joints  should  be  given 
careful  attention.  If  the  saving  in  rail-joints  on  steam  roads 
warrants  the  use  of  long  rails,  then  their  use  is  doubly  war- 
ranted on  electric  roads,  due  to  saving  of  first  cost  and  main- 
tenance of  bonds.  Rails  60  ft.  long  are  recommended  ;  joints 
to  be  better  than  the  ordinary  railroad  fish-plates.  Either  a 
"  Continuous  "  or  "  Weber  "  joint  was  recommended. 
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For  track  bonding  two  bonds  per  joint  were  recommended, 
becanse  bond  troubles  mostly  occur  at  the  rail  connections, 
and  with  double  bonding  the  liability  of  such  trouble  is  re- 
duced. The  two  bonds  together  may  be  about  equal  to  or 
slightly  below  the  conductivity  of  the  rail,  and  too  much  care 
cannot  be  exercised  in  installing  them. 

Rolling  Stock. 

A  general  specification  of  the  cars  of  the  D,  E  &  F  Railway 
might  be  put  into  the  words  "  The  best  which  can  be  bought." 
To  the  traveling  public  the  car  is  the  representative  of  the 
railway  company.  Handsome,  easy-riding  cars  with  luxuri- 
ous furnishings  are  an  inducement  and  invitation  to  ride, 
and  if  such  cars  are  supplemented  by  polite  and  neatly  uni- 
formed car  employees,  the  business  once  obtained  will  be 
held.  The  inexpensive  advertising  of  thousands  of  satisfied 
passengers  is  many  times  more  valuable  than  tons  of  paper 
leaflets  with  fancy  engravings  and  printed  invitations  to 
ride  on  the  "  greatest  electric  railway  of  the  world,  hand- 
somely," etc.  When  the  public,  fed  with  such  glowing 
printed  descriptions  of  the  road,  finally  decides  to  take  a 
ride  and  finds  the  coaches  filled  with  uncomfortable  rattan 
seats,  the  bodies  mounted  on  trucks  which  shake  the  passenger 
as  if  he  were  a  bottle  of  medicine,  and  the  car  in  charge  of  a 
grouchy  conductor  of  the  "  step  lively  "  pattern,  it  usually 
waits  for  the  steam  train  when  it  has  a  long  trip  to  make  and 
uses  the  electric  only  for  short  distances.  In  the  case  we  are 
considering  the  cars  were  recommended  to  be  between  55  ft. 
and  60  ft.  long  and  8  ft.  10  ins.  wide  over  the  sheathing; 
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the  body  construction  to  be  of  the  strongest  possible  design 
consistent  with  good  appearance ;  wide  platforms  to  be  pro- 
vided ;  the  seats  to  be  upholstered  in  plush.  Rattan  is  gen- 
erally supposed  to  be  more  cleanly  than  plush,  but  one  has 
only  to  look  at  the  rattan  seats  which  have  been  in  use  for  a 
year  or  more  to  disbelieve.  All  classes  of  seat  coverings  seem 
to  get  about  equally  dirty,  and  the  best  a  railway  can  do  is  to 
clean  seats  as  frequently  as  possible  and  adopt  a  covering 
regardless  of  its  supposed  hygienic  qualities.  Rattan  has 
the  disagreeable  trait  of  not  affording  a  firm  seat.  It  has 
not  been  found  that  plush  seats  are  more  subject  to  mutila- 
tion by  hoodlums  (an  objection  sometimes  urged)  than  rat- 
tan on  roads  using  both  types,  and  cars  are  never  equipped 
so  as  to  be  beyond  the  possibility  of  mutilation  by  hoodlums 
anyway.  If  they  were  they  would  have  to  consist  of  steel 
cages  with  bars  in  place  of  windows.  On  most  long-distance 
electric  railways  there  has  been  a  very  noticeable  demand  for 
toilet  rooms  on  cars,  and  while  a  number  of  interurbans  have 
lately  gone  into  service  without  these  accommodations  the 
demand  for  them  is  strong  enough  to  warrant  their  adoption. 
That  they  are  a  nuisance  is  not  denied,  but  a  railway  serves 
the  public  and  their  absence  may  be  the  cause  of  turning 
over  to  the  steam  railway  some  of  the  traffic,  and  the  inter- 
urban  needs  all  the  fares  it  can  collect. 

For  the  case  in  hand  it  should  not  be  necessary  to  mention 
that  open  cars  are  out  of  the  question,  and  one  type  of  car 
will  have  to  answer  for  both  summer  and  winter  service. 
The  windows  should,  therefore,  be  of  a  pattern  which  will 
give  a  maximum  opening  and  not  interfere  with  the  view  in 
the  summer  season,  while  double  windows  are  a  profitable 
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investment  for  the  winter  season.  The  small  fittings  which 
add  so  much  to  the  comfort  of  the  passenger,  such  as  parcel 
racks,  water-coolers,  match  scratchers,  cuspidors,  etc.,  should 
not  be  neglected  and  should  be  of  the  best  quality  and  appear- 
ance. As  a  matter  of  fact,  appearance  in  the  car  and  its 
fittings  has  a  tangible  value  as  nowhere  else  on  a  road.  There 
are  roads,  however,  which  make  the  best  appearance  in  power 
house  and  sub-stations,  where  all  sorts  of  polished  brass 
fancies  and  pressed-brick  decorations  are  indulged  in,  and 
which  run  little  dingy,  filthy  cars  that  have  a  habit  of  choos- 
ing their  own  time  of  running  and  meeting  at  unexpected 
places.  Such  concerns  give  one  the  impression  that  they 
are  retailing  their  current  over  the  brass  railings  at  the  power 
stations  instead  of  selling  it  in  the  form  of  rides  to  the 
public. 

Trucks  for  high-speed  service  are  too  often  a  source  of 
weakness  on  roads  well  equipped  otherwise.  The  schedule 
speed  of  3-i  miles  per  hour  proposed  for  the  D,  E  &  F  Rail- 
way presupposes  a  maximum  speed  of  between  50  miles  and 
60  miles  per  hour.  Some  trucks  which  ride  Avell  at  the  lower 
speeds  may  absolutely  fail  at  these  higher  speeds.  It  cannot 
be  said  that  there  is  any  one  form  of  track  which  has  over- 
whelming advantages  over  others ;  the  general  design  of  all 
seems  to  follow  very  closely  along  the  M.  C.  B.  Association 
standard,  differing  mostly  in  details.  Some  of  these  details, 
it  seems,  should  never  have  been  adopted,  considering  the  ex- 
perience in  electric  and  other  railroading.  Many  roads 
adopt  a  form  of  light  truck  suitable  for  city  service  for  high- 
speed interurban  cars  with  disagreeable  results  both  to  pas- 
sengers and  tracks.      Other  trucks  are  built  up  of  heavy  ma- 
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terials  and  the  spring  plank  connected  with  the  transom 
through  suspension  links  of  the  flimsiest  sort,  or,  in  other 
words,  the  proportions  arc  not  kept  uniform  in  transmitting 
the  strains  from  swing  bolster  to  pedestal  boxes.  Whatever 
shortcomings  high-speed  trucks  may  have  as  a  class  should 
be  charged  not  to  the  manufacturers  but  to  the  purchasers. 
Wo  have  become  so  much  accustomed  to  a  certain  price  for 
trucks  in  strictly  street  railway  work  that  few  are  willing 
to  pay  the  extra  price  needed  to  produce  a  really  first-class 
high-speed  truck,  and  competition  is  so  keen  among  manufac- 
turers that  the  purchaser  is  really  the  loser  in  the  end. 

Brakes  will,  of  course,  have  to  be  of  the  air  type  in  our 
case,  and  it  remains  to  choose  between  automatic  and  straight- 
air  systems.  Briefly,  automatic  air  has  no  value  except 
when  cars  are  to  be  used  in  trains.  In  our  case  there  will  be 
part  of  the  service  which  will  consist  of  two-car  trains  and 
the  balance  of  single  cars.  It  is  possible  that  one  of  the  two- 
car  trains  might  part  and  cause  great  damage,  but  this  is 
less  liable  to  happen  when  each  car  is  a  motor  car  than  if 
one  were  a  trailer.  Automatic  air  necessitates  the  triple 
valve,  and  triple  valves  are  apt  to  "  stick  "  at  inopportune 
moments.  This  is  not  serious  when  there  are  several  cars  in 
a  train,  but  when  there  is  only  one  or  at  the  most  two  cars 
and  a  triple  valve  should  refuse  to  work,  especially  in  a 
crowded  city  street,  the  consequences  might  be  disastrous  to 
the  public  and  to  the  railway.  The  chances  that  a  two-car 
multiple  unit  train  will  break  in  two  at  high  speed  are  many 
times  smaller  than  that  a  triple  valve  may  stick  at  a  critical 
moment,  and  for  the  case  in  hand,  therefore,  straight  air  is 
recommended.      A  device  can  easily  be  provided  to  apply  the 
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air  in  case  a  train  breaks  in  two  even  on  a  straight-air  sys- 
tem. For  the  very  high  speeds  which  are  now  becoming 
common  on  internrban  railways  a  more  efficient  application 
of  the  air-brake  is  very  much  to  be  desired.  The  Westing- 
house  "  high-speed'''  brake  embodies  some  of  the  principles 
which  should  be  modified  for  use  with  cars  operating  at  30 
miles  per  hour  and  over,  and  equipped  with  straight  air- 
brakes. An  initial  brake-shoe  pressure  of  125  per  cent,  of 
the  weight  of  the  car  with  gradual  automatic  release,  which 
is  a  function  of  the  speed,  and  not  of  the  time,  would  be  a 
great  benefit  and  accident-saver.  Straight  air-brakes  have 
attained  a  degree  of  satisfaction  hardly  reached  by  any  other 
part  of  the  car  equipment,  and  there  is  danger  of  letting  well 
enough  alone  to  the  extent  of  not  keeping  abreast  of  the  pres- 
ent exceedingly  rapid  march  of  progress.  As  an  example, 
it  is  only  necessary  to  mention  that  90  per  cent,  of  interurban 
roads  still  carry  around  their  air  compressors  a  cumbersome 
wooden  box,  patterned  somewhat  after  the  bulwarks  which 
used  to  be  built  around  the  old-fashioned  street  railway  motors 
and  discarded  fifteen  vears  ago. 

Electrical  Car  Equipment. 

In  order  to  determine  the  details  of  car  equipments  it  is 
necessary  to  again  refer  to  the  run  sheet,  Eig.  2,  on  a  pre- 
vious page.  There  are  two  conditions  which  must  be  met  by 
one  type  of  cars  and  the  cars  must  be  used  interchangeably. 
The  local  cars  call  for  a  schedule  speed  of  21  miles  per  hour, 
and  the  fast  or  "  limited  "  cars  for  a  schedule  speed  of  31 
miles  per  hour.     The  only  accurate  method  of  determining 
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the  size  and  nature  of  the  proposed  equipment  is  by  a  system 
of  "  speed-time  curves,"  and  from  these  curves  obtain  the 
square  root  of  mean  square  current  per  motor  and  the  maxi- 
mum current.  "While  such  a  set  of  curves  may  be  scoffed  at 
as  "  theoretical "  by  some  "  practical "  railway  men,  it  may 
be  remarked  that  a  little  of  this  theory  applied  in  the  right 
place  might  have  prevented  the  investment  of  thousands  of 
unnecessary  dollars  in  many  cases,  and  in  others  might  point 
to  profitable  investments  of  larger  sums  in  motors. 

The  status  of  the  D,  E  &  F  Railway,  however,  being  as  yet 
somewhat  preliminary,  a  more  rough  and  ready  method  had 
to  be  used  to  arrive  at  a  preliminary  estimate  of  the  equip- 
ments to  be  installed.  The  route  was  divided  into  sections 
of  varying  length,  and  the  stops  to  be  made  by  the  limited 
cars  were  noted  and  marked.  All  points  requiring  a  slowing 
down  of  speed  were  carefully  noted,  and  the  result  tabulated 
as  follows: 


Average  speed 

Total   distance 

Time   required 

in.  i>.   h. 

miles 

minutes 

10 

.     3.6 

21.5 

13 

1.8 

8.3 

18 

2.5 

7.0 

25 

1.9 

5.3 

As  there  is  a  street  mileage  of  but  5.4  miles  the  schedule  is 
not  seriously  interfered  with.  The  allowance  of  3.G  miles  at 
10  miles  per  hour  is  exceedingly  liberal,  and  in  actual  service 
should  be  bettered.  Deducting  the  mileage  and  time  noted 
from  the  totals  we  have  52.7  miles  which  must  be  covered  in 
67.9  minutes  to  make  the  schedule  proposed.  This  gives  an 
average  maximum  speed  of  40.5  miles  per  hour,  which  is 
rather  low  in  the  light  of  recent  installations. 
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As  a  check  on  these  figures  we  may  deduct  the  strictly 
street  operation  of  the  cars  at  10  miles  and  13  miles  per  hour, 
and  we  have  a  balance  of  57.1  miles  to  be  made  in  80.2  min- 
utes with  six  stops  or  a  schedule  speed  of  42.5  miles  per  hour 
with  stops  9.5  miles  apart.  It  should  also  be  remembered 
that  there  is  a  ten-minute  lay  over  provided  so  that  cars  may 
make  a  schedule  speed  outside  of  the  towns  as  low  as  38  miles 
per  hour  and  still  commence  the  return  trip  on  time.  Lim- 
ited cars  are  to  make  only  one  stop  in  each  town  along  the 
line,  and  in  two  towns  only  do  they  enter  the  streets,  at  all 
other  places  they  are  on  their  own  right  of  way.  The  speed 
proposed  is,  therefore,  easily  within  reach  without  excessively 
heavy  equipments. 

The  tests  published  by  Clarence  Renshaw  in  the  Oct.  4, 
1902,  issue  of  the  Street  Railway  Journal  are  of  the 
greatest  value,  and  the  Union  Traction  Company,  of  Indiana, 
and  the  Westinghouse  Company  deserve  the  thanks  of  all 
railway  engineers  for  their  liberality  in  publishing  the  re- 
sults of  their  investigations. 

"Without  going  into  the  details  of  Mr.  Renshaw's  paper  it 
appears  from  his  figures  that  for  our  service  on  the  D,  E  &  F 
Railway  a  motor  having  a  square  root  of  the  mean  square 
ampere  capacity  of  about  45  amps,  should  be  adopted.  There 
should  be  four  of  these  motors  per  car,  and  they  should  be 
geared  to  a  maximum  speed  of  48  miles  to  50  miles  per  hour, 
with  an  average  line  potential  of  500  volts. 

The  selection  of  a  suitable  motor  of  this  rating  lands  the 
engineer  in  the  middle  of  the  controversy  as  to  railway  motor 
rating.  Unfortunately  motors  are  still  made  and  sold  by 
their  rating  in  "  horse-power."    The  method  of  testing  motors 
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on  the  stand  with  covers  off  serves  an  admirable  purpose  in 
comparing  the  performance  of  one  motor  with  another,  and 
that  is  all.  It  is  difficult  to  see  what  relation  such  a  test  can 
have  to  service  conditions.  Even  the  method  of  reading  tem- 
peratures is  in  donbt.  A  motor  may  run  for  one  hour  at  a 
certain  load  and  a  thermometer  will  then  be  placed  at  some 
point  of  its  surface.  Sometimes  the  thermometer  has  to  be 
read  at  a  most  acute  angle  to  make  the  results  agree  with 
expectations.  A  temperature  reading  by  the  resistance 
method  might  reveal  some  of  the  liot  secrets  which  the  ther- 
mometer conceals. 

It  is  only  necessary  to  mention  as  a  case  in  point  the  well- 
deserved  reputation  which  the  General  Electric  57-motor  en- 
joys among  railway  men.  Its  popularity  is  no  doubt  due  in 
good  part  to  its  ability  to  radiate  heat,  yet  a  one-hour  stand 
test  gives  absolutely  no  clue  of  what  it  has  been  able  to 
accomplish  in  service.  For  our  purpose,  therefore,  we  will 
select  a  motor  having  the  capacity  to  carry  without  excessive 
heating  45  amps,  to  50  amps,  for  a  run  of  six  hours  to  eight 
hours  and  not  call  it  by  any  particular  "  horse-power."  Com- 
mercially its  rating  may  be  anything  from  50  hp  to  75  hp. 

A  car  equipped  with  four  motors  of  this  size  will  give  most 
excellent  satisfaction,  but  will  not  permit  the  acceleration 
which  is  being  so  much  exploited  of  1.5  miles  to  2  miles  per 
hour  per  second,  and  there  is  no  particular  reason  why  such 
an  acceleration  should  be  demanded  on  a  road  which  is  not 
expected  to  earn  over  $G,000  per  mile  of  track.  In  cases 
like  elevated  roads,  with  their  gross  receipts  from  $40,000  to 
$00,000  per  mile,  any  acceleration,  positive  and  negative, 
which  the  passengers  will  stand,  is  warranted  almost  regard- 
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less  of  cost.  When  the  headway  between  trains  is  thirty 
minutes  to  sixty  minutes  there  is  a  good  opportunity  for  sand- 
wiching a  "  limited  "  car  between  the  locals.  To  do  so,  how- 
ever, it  is  necessary  to  employ  the  methods  which  have  en- 
abled steam  railroads  to  accomplish  the  same  thing.  Their 
system  is  the  outcome  of  years  of  experience  and  has  cost 
them  millions  of  dollars.  It  is  free  to  he  adopted  by  any 
electric  road.  Some  of  them  have  adopted  it,  others  are  pay- 
ing for  not  having  adopted  it. 

Local  service  is  to  be  given  by  the  same  type  of  car  exactly 
as  the  limited  service,  and  as  the  cars  are  not  geared  very 
high  the  numerous  stops  of  such  a  service  may  be  made 
economically,  as  is  shown  in  Mr.  Renshaw's  figures.  In  not 
gearing  the  cars  as  high  as  has  become  customary  we  have 
in  mind  the  fact  that  all  limited  trains  will  consist  of  two 
cars  each.  If  we  accept  the  train  resistance  figures  as  pub- 
lished by  W.  J.  Davis,  Jr.,  in  the  Street  Railway  Journal 
of  May  3,  1002,  as  a  result  of  tests  on  the  Buffalo  &  Lockport 
road,  then  it  appears  that  a  35-ton  car  at  47.5  miles  per  hour 
has  a  train  resistance  of  35  lbs.  per  ton,  and  a  multiple-unit 
train  consisting  of  two  such  cars  should,  according  to  the 
same  figures,  be  able  to  make  a  speed  of  02  miles  per  hour 
with  approximately  the  same  power  consumption  per  car. 
Mr.  Davis'  figures,  whether  unconsciously  or  not,  furnish  a 
pretty  good  argument  for  operation  of  cars  in  trains. 

Having  already  decided  on  using  the  multiple-unit  system 
of  motor  control,  there  remains  only  to  choose  between  au- 
tomatic and  hand  acceleration.  This  can  best  be  decided  by 
referring  to  a  certain  well-known  road  using  the  multiple- 
unit,  hand  control  system.    Its  cars  are  supposed  to  take  S00 
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amps,  per  car  when  accelerating',  yet,  in  the  face  of  all  at- 
tempts to  check  motormen,  the  accelerating  current  is  much 
more  frequently  1200  amps,  than  800.  Hand  control  intro- 
duces a  factor  of  human  unreliability  which  can  best  be  met 
be  automatic  feed  of  the  controller,  independent  of  the  motor- 
man's  judgment  or  lack  of  judgment. 

To  sum  up  we  have  determined  on  cars  of  a  length  of  say 
56  ft.  over  bumpers,  width,  8  ft.  10  ins.,  which,  with  equip- 
ment, will  weigh  about  32  tons  each.  The  schedule  calls  for 
ten  cars  in  service.  As  we  are  not  now  preparing  for  any 
heavy  excursion  business  and  the  schedule  adopted  is  liable 
to  be  the  maximum  service  which  will  be  operated  for  some 
time,  it  is  not  necessary  to  purchase  a  heavy  excess  of  cars. 
Probably  twelve  cars  will  be  sufficient  to  purchase  at  once, 
but  in  our  estimates  we  have  allowed  for  fourteen  passen- 
ger cars,  giving  a  reserve  of  four  cars  above  schedule 
requirements. 

In  addition  to  the  fourteen  passenger  cars,  of  which  two 
only  need  to  be  combination  baggage  cars,  it  will  be  advisable 
to  purchase  one  baggage  and  express  car  without  scats  for 
passengers  and  with  two  side  doors  on  oaVh  side  and  wide  end 
doors;  this  car  to  be  equipped  electrically  exactly  like  the 
passenger  cars  and  geared  for  the  same  speed  so  that  it  may 
be  attached  to  a  local  and  used  to  pick  up  milk  cans  and  ex- 
press  freight  along  the  road,  or  it  may  be  attached  to  a  limited 
train  for  the  transfer  of  through  baggage  or  the  scenery  of 
theatrical  troupes  and  similar  services. 

There  is  also  a  locomotive  to  be  provided,  equipped  with 
the  same  size  of  motors  as  passenger  cars  but  geared  for  a 
speed  not  exceeding  25  miles  per  hour.     This  is  to  lie  used 
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for  moving  carload  freight,  as  work  car,  wrecking  car,  etc. 
In  the  winter  it  can  be  fitted  with  a  "  nose  "  and  used  as  a 
snow-plow.  As  already  pointed  out  there  are  no  cuts  of  any 
depth  and  no  additional  snow  equipment  will  be  needed. 


Car  Shops. 

For  the  proper  maintenance  of  cars  and  their  equipment 
proper  shop  facilities  are  absolutely  necessary.  As  there  is 
always  much  machine-shop  work  to  be  done  during  the  con- 
struction period,  a  shop  properly  equipped  before  construc- 
tion commences  will  pay  for  itself,  and  is  then,  when  it  is 
most  needed,  ready  and  in  working  order.  It  is,  therefore, 
recommended  that  the  D,  E  &  F  erect  and  equip  its  shop 
ahead  of  all  other  work.  These  shops  should  be  located  ad- 
jacent to  the  power  station  for  economical  reasons,  as  will  be 
shown  among  power  station  items. 

It  is  not  necessary  to  erect  expensive  buildings  of  a 
capacity  large  enough  to  hold  all  cars.  Shop  room  for  four 
cars  will  be  sufficient  in  our  case.  A  separate  room  holding 
one  car  each  should  be  provided  for  paint  and  carpenter  shop, 
and  the  machine  shop  should  have  room  for  two  cars.  On  a 
road  of  this  character  the  amount  of  car  painting  is  very  little, 
and  the  paint  shop  may  be  fitted  up  to  serve  as  a  washroom 
in  the  winter  time.  In  the  summer  the  washing  may  be  done 
outdoors. 

The  machine  shop  should  be  provided  with  hydraulic  wheel 
press,  wheel  lathe,  one  or  two  small  engine  lathes,  drill  press, 
grindstone  and  emery  wheels,  universal  shaper,  power  hack 
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saw  and  overhead  traveling  crane  of  two  tons  capacity.  Such 
a  crane  will  not  lift  car  bodies  and  it  is  not  intended  to  do  so, 
as  jacks  are  to  be  used  for  this  purpose.  The  carpenter  shop 
is  to  be  fitted  with  a  band  saw,  small  planer  and  other  pieces 
of  the  simpler  woodworking  machinery.  The  whole  shop 
should  be  fitted  up  so  that  it  may  serve  as  a  repair  shop  for 
the  power  house  apparatus,  and,  in  fact,  do  all  the  repairing 
and  small  construction  required  for  the  entire  system. 


Power  Stations. 

For  a  preliminary  computation  of  the  power  required  for 
the  D,  E  &  F  Railway  it  is  again  convenient  to  refer  to 
jlr.  Renshaw's  paper.  His  results  show  that  it  is  cheaper  to 
transport  passengers  with  limited  cars  than  with  local  cars, 

and  from  his  results  and  similar  figures  obtained  on  other 
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roads  we  are  perfectly  safe  in  assuming  an  average  consump- 
tion of  75  watts  per  ton  mile  in  limited  service  and  90  watts 
per  ton  mile  in  local  service.  As  there  are  six  cars  of  thirty- 
two  tons  each  on  local  service  and  four  cars  of  the  same  weight 
in  limited  service  it  follows  that  the  average  kilowatts  per 
hour  may  be  estimated  very  closely  t.o  be  690  at  the  cars. 
The  average  losses  from  power  station  to  car,  including  third- 
rail  losses,  should  not  exceed  15  per  cent. ;  for  safety,  we 
assume  them  as  amounting  to  20  per  cent.  This  would  give 
an  average  demand  of  828  kw  per  hour  on  the  power  station. 
It  is  quite  well  known  that  in  power  stations  supplying 
interurban  roads  of  few  but  heavy  cars  the  momentary  load 
factor  or  the  ratio  of  average  load  to  maximum  load  is  very 
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low.  It  is  often  as  low  as  50  per  cent.,  and  rarely  over  G5  per 
cent,  of  the  capacity  of  the  apparatus  in  operation.  To  supply 
an  average  of  828  kw  would,  therefore,  require  at  least  1200 
kw  of  machines  in  operation,  and  would  then  at  times  heavily 
overtax  the  apparatus.  The  boiler  and  engine  economy  is 
not  as  high  as  it  should  be  in  such  a  case,  and  in  order  to 
increase  the  station  economy  it  is  .necessary  to  smooth  out 
the  load  fluctuations,  which  is  best  accomplished  by  the  use 
of  batteries.  In  addition  to  their  utility  in  this  capacity  bat- 
teries have  in  our  case  the  advantage  of  practically  furnishing 
a  reserve  unit  at  sub-stations,  of  enabling  repairs  on  the*  high- 
tension  line  to  be  made  without  stopping  cars,  furnishing  all- 
night  current  for  the  moving  of  carload  freight  by  the  loco- 
motive before  referred  to  and  enabling  a  satisfactory  lighting 
service  to  be  maintained;  also  of  furnishing  power  for  the 
all-night  lighting  service.  The  chief  disadvantage  of  the 
battery  is  its  high  first  cost,  but  this  disappears  when  it  is 
bought  and  installed  as  an  integral  part  of  the  motive  outfit 
when  the  road  is  first  being  organized.  It  is  not  often  real- 
ized that  the  cost  of  a  properly  proportioned  battery  or  set  of 
batteries  is  less  than  the  cost  of  the  additional  boilers,  en- 
gines, generators  and*  sub-station  apparatus,  etc.,  which  are 
made  unnecessary  by  its  use.  It  is  a  safe  guess  that  it  is  this 
feature  of  the  battery  which  causes  the  representatives  of 
most  machinery  manufacturing  concerns  to  be  so  radically 
opposed  to  its  use.  On  the  question*  of  maintenance  there  is 
now  sufficient  data  available  so  that  no  one  need  grope  in  the 
dark,  and  its  efficiency,  when  used  simply  as  a  regulator  of 
load  fluctuations,  is  very  satisfactory. 

"We  may,  therefore,  proceed  to  organize  our  power  house 
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with  the  understanding-  that  batteries  shall  be  used  as  regu- 
lators and  the  batteries  placed  at  sub-stations.  We  have 
already  determined  the  average  demand  on  the  power  sta- 
tion with  the  ten-car  schedule,  shown  in  Fig.  2,  page  13, 
and  in  order  to  have  the  828  kw  available  it  will  be  necessary 
to  operate  approximately  1000  kw  at  the  power  station.  This 
is  in  excess  of  the  average  demand,  but  as  there  will  be  a  de- 
mand for  lighting  and  power  service  at  the  small  stations 
along  the  road  if  this  business  is  properly  followed,  and  there 
is  an  occasional  extra  car,  the  1000  kw  available  will  furnish 
a  very  convenient  unit,  and  the  occasional  fluctuations  in  cur- 
rent,  which  are  present  even  when  a  battery  is  used,  will  be 
easily  met  by  the  over-load  capacity  of  generators  and 
engines. 

How  should  this  demand  be  met  —  by  one  unit  of  1000  kw 
or  by  smaller  units?  It  is  taken  for  granted  that  some  sort 
of  reserve  capacity  must  be  provided,  and  the  problem  would 
be  met  in  many  cases  by  installing  two  1000  kw  units.  The 
writer  believes  that  three  of  500  kw  each  would  be  more 
advisable  and  so  recommended.  The  flexibility  of  three  units 
as  against  two  is  worth  something,  and  the  first  cost  for  the 
three  smaller  equipments  is  less  than  the  first  cost  for  the 
two  larger  units,  that  is,  the  idle  investment  is  reduced. 
There  are  also  three  to  four  hours  each  day  when  not  all  of 
tlijp  cars  are  in  service,  and  one  of  the  500  kilowatt  units  can 
then  carry  the  load  at  high  efficiency. 

The  location  of  the  power  station  is  determined  by  the 
available  water  supply,  and  in  the  D,  E  &  F  Railway  has  to 
be  placed  at  one  extreme  end  of  the  line.  Theoretically  the 
location  would  be  more  convenient  near  the  center  of  the 
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line  in  tho  neighborhood  of  E,  but  no  suitable  water  supply 
was  available  there. 

It  was  recommended  tliat  the  ear  shops  should  also  be 
located  wherever  power  stations  might  be  built.  The  object 
of  this  is  economy  in  operation.  One  master  mechanic  may 
have  charge  of  station  and  shops.  Steam,  compressed  air  and 
water  supply  from  the  shops  become  easy  and  inexpensive, 
and  the  exhaust  steam  from  station  auxiliaries  may  be  util- 
ized for  heating  the  shops  in  the  winter  time.  For  the  same 
reason  it  is  recommended  to  build  a  general  office  building  in 
a  convenient  location  near  the* station  and  shops.  Aside  from 
the  saving  in  rent  gained  by  a  building  of  this  sort  its  heating 
and  lighting  become  inexpensive,  as  they  are  accomplished 
by  by-products  of  the  power  station  and  the  executive  heads 
of  the  property  are  within  reach  of  the  "  heart  "  of  the  road. 

In  this  as  in  many  other  cases  the  station  and  shops  would 
be  located  outside  of  city  limits,  well  in  the  country,  where 
available  houses  for  occupancy  by  employees  are  few  and 
rather  undesirable.  This  is  often  the  cause  of  dissatisfaction, 
and  more  often  the  most  desirable  class  of  employees  cannot 
be  obtained  at  all  when  accommodations  are  scarce.  Again 
this  condition  usually  results  in  employees  living  some  dis- 
tance away  from  the  station  and  shops  or  even  in  the  heart 
of  the  city.  When  emergencies  arise,  as  emergencies  will, 
and  an  extra  force  of  men  is  needed,  it  is  usually  difficult  to 
get  the  men  together  in  anything  like  reasonable  time.  It 
would  seem  a  good  investment,  therefore,  for  the  railway 
company,  as  a  company,  or  its  stockholders  as  individuals,  to 
build  a  suitable  number  of  convenient  small  houses  supplied 
with  steam-heat,  electric  light  and  water  from  the  station, 
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and  rent  these  to  employees,  charging  a  reasonable  rent  and 
allowing  only  employees  to  occupy  them.  Wherever  such  a 
plan  has  been  tried  it  has  invariably  been  found  to  work  to 
the  advantage  of  the  company  as-  well  as  employees.  Its 
chief  advantage,  in  the  writer's  opinion,  ig  that  it  furnishes 
a  trained  emergency  force  on  short  notice.  A  secondary  ad- 
vantage is  the  income  derived  from  the  station  by-products, 
which  is,  of  course,  included  in  the  rent  received. 

Planning  a  station  with  these  objects  in  view  one  may  with 
profit  adopt  steam-driven  auxiliaries,  and  leave  out  many  of 
the  troublesome  automatic  contraptions  which  are  supposed 
to  add  one-half  of  one  per  cent,  to  the  station  economy,  and 
actually  entail  an  increase  of  20  per  cent,  to  25  per  cent,  in 
the  repair  account.  It  is  not  within  our  province  at  this 
time  to  discuss  the  details  of  power  station  design ;  there 
is  already  too  much  controversy  on  that  subject.  A  few  engi- 
neers seem  to  lose  sight  of  the  fact  that  the  station  is  a 
means  to  an  end  only  and  not  the  chief  object  of  building 
a  railway.  As  a  general  rule,  and  for  the  station  as  proposed 
by  the  D,  E  &  F  Railway,  simplicity  is  recommended.  A 
general  specification  would  include  a  gravity  coal  feed  from 
cars  to  furnaces,  automatic  stokers,  water-tube  boilers,  forced 
draft,  steam-driven  feed  and  vacuum  pumps  and  electrically- 
driven  rotary  circulating  pumps. 

At  the  present  time  one  must  consider  carefully  the  instal- 
lation of  steam  turbine-generator  sets  in  the  engine  room. 
!No  doubt  their  use  is  increasing,  but  as  the  prices  asked  at  the 
time  this  report  was  written  seemed  to  be  out  of  proportion 
to  the  size  of  the  units  and  their  maintenance  as  yet  an  un- 
determined factor,  three  engines  of  750  hp  each  were  recom- 
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mended.  In  a  road  of  this  character,  whose  finances  promise 
to  require  careful  nursing  in  order  to  make  ends  meet,  and 
whose  power  equipment  is  just  large  enough  to  meet  the  de- 
mands, it  is  best  not  to  take  large  chances  in  vital  parts  of 
the  plan. 

The  generators  are  recommended  to  be  wound  for  450 
volts,  three-phase  25-cycles,  and  the  current  carried  to  the 
switchboard  and  handled  at  that  voltage.  Several  very 
modern  plants  of  recent  design  have  the  switchboard  on  the 
high-tension  side  of  the  transformers,  and  there  seems  to  be 
a  tendency  to  follow  this  practice.  Its  advantages  are  many 
when  the  current  is  generated  at  high  voltage  in  the  machines 
and  it  is  desirable  to  take  current  from  machines  to  lines  with 
a  minimum  of  high-tension  wiring.  When  the  line  voltage 
is  beyond  the  limits  of  generator  voltage  then  it  seems  that 
the  introduction  of  the  switchboard  in  the  high-tension  side 
of  step-up  transformers  incurs  a  large  amount  of  unnecessary 
expense  and  complication  of  apparatus,  and  it  seems,  more- 
over, that  such  practice  is  out  of  place  in  a  plant  such  as  we 
are  considering.  In  order  to  simplify  the  station  wiring  it 
is  also  advisable  to  locate  the  switchboard  on  the  station  floor 
and  avoid  the  annoying  and  expensive  switchboard  gallery, 
which  has  no  "  raison  d'etre "  except  in  the  very  largest 
power  stations.  In  this  connection  it  is  well  to  observe  the 
practice  of  handling  high-tension  currents  in  use  in  the  power 
transmission  plants  on  the  Pacific  Coast,  where  longer  expe- 
rience has  been  had  than  elsewhere  in  that  particular  class 
of  work.  They  handle  currents  almost  exclusively  from  the 
low-tension  side,  and  give  excellent  reasons  for  so  doing,  and 
the  practice  of  using  complicated  and  expensive  high-tension 
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switching  devices  has  few  advocates  among  those  concerns, 
which  have  made  the  business  of  power  transmission 
what  it  is. 

As  in  our  case  the  distance  of  transmission  is  over  50  miles, 
it  is  advisable  to  step  up  to  the  highest  voltage  which  has 
proven  commercially  practicable  in  this  climate,  approxi- 
mately 33,000  volts.  The  electrical  station  plant  then  would 
consist  of  three  500  kw,  450-volt  direct-connected  units, 
switchboard  at  450  volts,  and  three  sets  of  step-up  trans- 
formers, one  set  for  each  generator,  connected  to  a  single 
33,000-volt  outgoing  feeder  through  simple,  hand-operated 
high-tension  switches. 

Transmission  Line. 

I  have  already  referred  to  a  single  transmission  line,  and 
by  this  is  meant  that  no  duplication  whatever  is  provided. 
Experience  has  shown  that  to  provide  a  reserve  two  abso- 
lutely independent  pole  lines  are  necessary,  and  if  each  fol- 
lows its  own  route  to  the  end  of  the  line,  so  much  the  better. 
Such  duplication  is  very  expensive,  and  is  not  warranted  in 
our  case.  By  providing  two  separate  circuits  on  the  same 
pole  line  nothing  is  gained.  Practically,  work  cannot  be 
done  on  one  line  while  the  other  is  carrying  current,  and  six 
wures  of  small  size  on  a  pole  are  more  troublesome  than  throe 
wires  of  larger  size.  In  the  latter  case  they  can  also  be 
spread  farther  apart.  The  cost  of  cross-arms,  pins  and  insu- 
lators is  reduced,  and  the  whole  line  may  be  made  more  secure 
against  interference.  We  have  provided  batteries  at  stations, 
and  these  are  able  to  carry  the  entire  load  for,  say,  one  hour. 
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With  cars  in  operation  a  lineman  can  reach  any  point  on  the 
line,  and  make  ordinary  repairs  in  less  than  that  time.  Line 
troubles  are  becoming  less  disturbing  as  the  art  of  line  con- 
struction is  becoming  better  understood,  and  for  the  ordinary 
interurban  road  with  a  straight  run  and  no  branches  the 
writer  believes  that  duplication  of  lines  makes  against  rather 
than  for  good  service. 

We  are  gradually  emerging  from  the  days  when  we  relig- 
iously copied  the  line  construction  which  has  served  us  well 
in  city  work,  and  are  adopting  standards  suited  to  the  open 
cross-country  runs  of  transmission  lines.  Poles  are  being 
spaced  farther  apart,  and  in  our  example  are  recommended 
forty  per  mile,  or  132  ft.  apart.  They  need  not  be  extra  tall 
for  such  spacing,  except  where  passing  houses  or  crossing 
highways  carrying  other  pole  lines.  They  are  assumed  to 
have  a  standard  height  of  35  ft.  for  the  D,  E  &  F  Railway, 
except  as  noted,  where  they  may  go  as  high  as  50  ft.  It  seems 
difficult  to  believe  that  lines  have  actually  been  constructed 
with  poles  80  ft.  apart  and  40  ft.  high  in  open  cross-country 
work,  vet  such  is  the  case  in  at  least  one  recent  installation. 
The  tendency  of  the  future  will  no  doubt  be  towards  longer 
spans  and  possibly  steel  towers  in  place  of  poles. 

It  is  a  good  investment  to  tamp  poles  well  to  within  1  ft. 
of  surface,  and  after  all  pole  work  has  been  finished  to  fill 
around  the  pole  with  a  good  grade  of  concrete.  This  stiffens 
the  work  and  insures  longer  life  of  the  pole.  "When  properly 
handled  the  cost  of  this  concrete  top  dressing  need  not  exceed 
$1  per  pole. 

Pins  for  several  years  past  have  been  made  of  wood,  often 
boiled  in  paraffine  and  otherwise  prepared,  on  the  assumption 
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that  they  should  form  part  of  the  insulation.  This  practice 
is  now  gradually  being  abandoned  and  pins  and  cross-arms 
are  not  so  much  designed  to  be  insulators  as  they  were  for- 
merly. The  insulation  is  being  put  where  it  belongs,  in  the 
insulator.  The  latter  arc  now  made  of  porcelain  for  most 
transmission  plants  and  arc  easy  to  obtain  for  voltages  as 
high  as  33,000,  but  they  should  never  be  installed  without 
being  tested  on  the  ground.  The  pole  line  is  the  main  ar- 
tery of  a  long-distance  road,  and  since  we  have  no  reserve 
except  the  battery,  which  can  only  carry  the  load  a  short 
time,  one  cannot  be  too  careful  to  use  the  proper  material  in 
its  construction.  Of  course,  the  old  controversy  as  to  the 
relative  merits  of  glass  and  porcelain  still  rages,  but  porcelain 
seems  to  be  getting  the  better  of  the  argument  if  its  increasing 
use  counts  for  anything,  but  as  long  as  one  concern  in  Utah 
and  another  in  Montana  successfully  transmit  power  at 
40,000  volts  over  glass  insulators  the  controversy  cannot  be 
considered  closed.  The  wires  may  be  proportioned  so  as  to 
give  a  maximum  drop  not  exceeding  5  per  cent,  to  the  far- 
thest sub-station,  and  should  be  spaced  in  an  equilateral  tri- 
angle with  wires  60  ins.  apart. 

Distributing  System. 

It  has  already  been  mentioned  that  the  proposition  made  by 
the  manufacturing  company  proposing  to  equip  this  road  in- 
cluded sub-stations  about  15  miles  apart.  The  writer's  rec- 
ommendation may  seem  to  go  to  the  other  extreme  by  putting 
them  an  average  of  7  miles  apart.  The  power  house  would 
be  located  at  O  on  the  map  (Fig.  1),  and  the  sub-stations 
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placed  regardless  of  any  uniform  distance,  but  invariably  as 
near  the  center  of  towns  as  the  limitation  imposed  by  high- 
tension  line  and  the  expense  of  real  estate  will  permit. 
Going  east  from  O  the  sub-station  would  be  located  and 
spaced  as  follows :  At  ~N,  4  miles ;  at  M,  8  miles ;  L,  6  miles ; 
E,  6  miles;  J,  7  miles;  TI,  10  miles;  G,  8  miles.  This  gives 
seven  sub-stations  plus  one  in  the  power  house.  The  object 
of  this  distribution  of  stations  is  to  let  them  serve  as  electric 
light  and  power  stations  for  the  places  where  they  are  located, 
also  to  allow  them  to  become  passenger,  express  and  freight 
depots. 

Any  engineer  who  has  ever  operated  a  road  equipped  with 
sub-stations  has  invariably  looked  upon  these  adjuncts  of 
power  transmission  as  a  necessary  evil  and  a  continuous 
source  of  trouble  and  annoyance,  and  on  first  glance  it  seems 
like  multiplying  these  troubles  to  propose  more  stations  rather 
than  make  a  reduction  in  their  number. 

It  is  readily  apparent  that  the  primary  object  of  these 
stations,  as  here  proposed,  is  to  serve  as  a  central  point  where 
a  representative  of  the  company  may  always  be  found,  where 
information  may  be  obtained  as  to  routes,  rates,  etc.,  in  short 
the  business  to  be  handled  in  the  same  way  as  steam  roads 
handle  their  traffic  at  similar  points.  Quite  often  one  may 
observe  small  places  of  1,000  to  1,500  inhabitants  where 
steam  roads  may  keep  a  day  and  a  night  station  agent  and  a 
freight  agent  and  freight  handler  in  addition.  Therefore, 
if  the  interurban  is  after  the  same  class  of  business,  why 
should  it  not  employ  at  least  one  man  in  each  town  to  be  a 
representative,  freight  and  express  agent,  and  in  this  case  a 
receiver  of  the  electric  lighting  and  power  bills  ?  Such  a 
man  may  be  paid  a  small  salary  and  commission  on  all  busi- 
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ness  done  at  his  station.  On  this  basis  he  should  automati- 
cally commence  to  hustle  for  business.  The  fact  that  such 
a  plan  has  not  been  extensively  tried  on  interurbans  seems 
another  birthmark  of  horse-car  days,  and  is  part  of  the  some- 
times heedless  chase  after  reduction  of  operating  expenses. 
One  often  gets  the  impression  that  the  chief  object  in  build- 
ing some  road  was  "  to  reduce  operating  expenses  "'  rather 
than  the  hustling  for  net  profits. 

The  duties  here  enumerated  may  leave  the  station  attend- 
ant but  little  time  to  attend  to  electrical  apparatus,  and  it  is 
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not  intended  that  he  should  do  so.  The  station  and  apparatus 
must  be  so  designed  and  installed  that  the  attention  required 
by  it  is  as  small  as  possible.  The  attendant  or  agent  need  not 
be  taught  much  about  the  apparatus  except  the  simplest  nidi- 
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ments,  and  a  competent  man  should  be  employed  to  visit  each 
station  once  a  day  and  examine  the  apparatus.     Figs.  4  and 
4a  show  the  outlines  and  plans  of  a  station  suitable  for  the 
D,  E  &  F  Railway,  and  combines  many  functions  in  a  very 
inexpensive  structure.    The  low  basement  is  used  as  a  battery 
room  with  ventilators  extending  to  the  roof  like  chimneys. 
The  first  floor  is  office  and  express  and  freight  room  with 
wagon  platform  on  one  side  and  car  track  on  the  other  side. 
The  second  floor  forms  the  living  apartment  of  the  attendant. 
The  rotary  converter  room  proper  is  an  L,  and  is  compara- 
tively small.      Room  is  provided  for  one  rotary  converter 
only,  for  a  battery  booster  and  motor-generator  set.     Any  ex- 
tension of  service  is  very  far  in  the  future,  and  should  it 
ever  come  it  is  believed  that  a  change  to  a  single  rotary  of 
larger  size  would  be  more  desirable  than  a  duplication  of  the 
first  unit.     A  single  unit  gives  the  simplicity  which  is  neces- 
sary for  a  minimum  of  attention  required  of  the  station. 
The  direct-current  switchboard  is  located  so  as  to  be  in  con- 
venient reach  of  the  office,  and  the  hand-operated  alternating- 
current  switch  may  be  manipulated  from  the  direct-current 
board  by  levers.     In  order  to  insure  a  reserve  unit  for  any 
one  of  the  stations  it  is  advisable  to  have  a  portable  sub- 
station, to  be  placed  in  a  car  and  arranged  for  convenient 
cutting  in  at  any  one  of  the  stations.     This  device  has  been 
in  use  for  some  years,  has  given  excellent  satisfaction  and  is 
worthy  of  being  copied  by  railways  desiring  to  keep  their 
investment  in  apparatus  as  low  as  possible.     The  size  of  ro- 
tary converter  units  in  our  case  will  be  250  kw  each,  and  the 
battery  of  200  ampere-hours  in  each  station.     Stations  being 
so  close  together  and  the  attention  required  by  apparatus 
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FIG.  \a. PLAN,  AM>  SIDE  ELEVATION  OF  A  TYPICAL  SUB- 
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DWELLING  FOR  ATTENDANT. 
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being  a  minimum,  it  is  safe  to  have  only  one  man  on  duty, 
especially  since  he  has  living  apartments  in  the  station.  At 
places  like  H  and  P,  where  the  business  gives  promise  of 
warranting  it,  two  station  men  may  be  employed  from  the 
very  beginning,  and  possibly -a  third  man,  to  be  a  general 
utility  man.  At  the  smaller  places  one  man  at  the  start  will 
be  sufficient  and  efficient,  provided  he  is  occasionally  re- 
lieved for  a  day. 

In  order  to  make  sub-station  units  of  comparatively  small 
size  properly  handle  the  load  imposed  by  the  presence  of  sev- 
eral cars  near  one  station,  it  is  necessary  to  have  shunt-wound 
rotaries  having  a  considerable  droop  in  their  characteristic 
curve  between  full  load  and  100  per  cent,  overload.  In  this 
very  simple  way  the  load  will  be  divided  fairly  well  among 
two  or  three  stations.  At  least  one  of  the  manufacturing 
companies  continues  to  furnish  compound-wound  rotaries 
year  after  year  in  face  of  the  fact  that  the  series  winding 
has  been  abandoned  long  ago  in  the  largest  roads  using  alter- 
nating currents.  Aside  from  the  possibilities  of  a  disastrous 
mixup  in  case  of  a  reversal  of  the  direction  of  the  current 
in  the  rotary  with  the  presence  of  a  battery,  the  series  wind- 
ing gives  the  disadvantage  of  tending  to  furnish  all  the  cur- 
rent from  one  station  in  case  of  an  extra  heavy  load  near 
that  station.  In  consequence  sub-stations  have  to  be  provided 
with  larger  units  than  if  the  load  were  divided  among  two  or 
three  stations.  On  trolley  roads  one  sometimes  sees  long 
feeder  lines  carried  out  from  sub-stations  to  a  point  a  mile 
or  more  from  the  station  before  being  tapped  into  the  trolley 
line  in  order  to  accomplish  practically  what  the  shunt-wound 
rotary   does.      With    the   latter   and    the    fairly   steady   load 
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which  is  insured  by  a  battery  the  power  factor  of  the  trans- 
mission line  may  be  adjusted  by  hand  adjustment  of  the 
rotary  converter  shunt  fields. 

Since  the  sub-stations  are  also  to  act  as  distributing  cen- 
ters for  electric  lighting  and  power,  the  equipment  for  this 
purpose  must  be  considered.  The  power-house  current  being 
25  cycles,  a  motor  generator  set  is  a  necessity.  This  is  to 
consist  of  a  00-cycle,  2,200-volt  two-phase  or  three-phase  gen- 
erator of  a  suitable  capacity  directly  connected  to  a  syn- 
chronous motor.  The  latter  type  of  motor  will  be  practically 
independent  of  voltage  fluctuations,  and  as  the  engine  speed 
is  constant,  due  to  absence  of  load  fluctuations,  it  furnishes 
a  very  satisfactory  driving  power.  The  writer  recommends 
that  this  motor  be  a  small  rotary  converter,  deriving  its 
power  from  the  same  step-down  transformers  which  feed  the 
railway  rotary  and  its  direct-current  side  connected  across 
the  storage  battery.  In  case  of  failure  or  interruption  of 
the  alternating  current  the  converter  would  act  as  a  direct- 
current  motor  and  the  lighting  and  power  supply  need  not  be 
interrupted.  As  the  lighting  and  power  business  will  be  a 
small  part  of  the  total  station  output,  this  arrangement  will 
not  interfere  with  any  of  the  plans  for  the  supply  of  the  rail- 
way proper. 

Third  Rail. 

It  remains  only  to  determine  the  size  of  rail  and  some  of 
its  details.  It  is  taken  for  granted  that  the  direct  current 
is  supplied  at  600  volts.  The  steel  for  third  rail,  as  already 
mentioned,  is  to  have  a  minimum  of  carbon  and  manganese, 
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and  its  conductivity  is  to  be  copper  as  7.5  to  1.  The  size  of 
the  rail  is  now  only  a  question  of  permissible  drop  between 
station-.     This  "permissible  drop"  has   proved   a  variable 

and  elusive  factor.  With  sub-stations  only  7  miles  apart  and 
the  class  of  service  proposed,  few  trolley  lines  would  put  up 
more  than  two  000  trolley  wires,  having  an  area  of  approxi- 
mated 335.000  circ.  mil.  Assuming  the  two-track  rails  to 
have  a  combined  capacity  equal  to  approximately  1,000,000 
circ.  mil.  copper,  and  a  two-car  train  accelerating  between 
two  stations  drawing  400  amp.  from  each  station,  this  would 
give  a  drop  of  230  volts,  or  370  volts  at  the  train.  A  single 
car  accelerating  would  cause  a  drop  to  485  volts.  As  there 
are  frequently  two  cars  between  sub-stations,  causing  the 
voltage  at  the  car  to  drop  as  low  as  400  volts  or  less,  more 
conductivity  should  be  provided,  although  it  is  safe  to  say 
that  in  SO  per  cent,  of  interurban  roads  in  operation  to-day 
the  drop  is  as  much  or  more  than  this.  Such  excessive  drop 
is  exceedingly  expensive  to  the  railway  company,  not  only  on 
account  of  the  power  lost,  but  because  the  motors  are  not 
worked  efficiently.  If  the  equivalent  of  two  000  wires  is  de- 
sired in  third  rail,  then  a  rail  weighing  30  lbs.  per  yard 
should  be  installed.  Since  we  desire  a  higher  efficiency  of 
conducting  circuit  and  car  equipments  in  the  I),  E  &  F  Rail- 
way, it  is  proposed  to  install  a  rail  weighing  70  lbs.  per  yard. 
Such  a  rail  will  have  a  conductivity  equivalent  to  933,000 
circ.  mil.  copper  (which  is  considerably  below  its  theoretical 
equivalent,  but  for  commercial  work  this  figure  should  not 
be  exceeded),  and  the1  drop  during  acceleration,  figured  on 
the  basis  above  named,  will  leave  a  line  voltage  of  450  volts 
for  a  two-car  train  and  525  volts  for  a  one-car  train.     This 
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will  insure  a  very  satisfactory  average  line  voltage.  Fig.  3 
shows  comparative  cost  per  mile  of  overhead  trolley  and  third 
rail. 

It  has  now  become  customary  to  locate  the  third  rail  on  one 
side  of  the  track,  and  the  distance  chosen  for  surface  work 
seems  to  have  become  quite  generally  27  ins.  from  gauge  line 
to  center  of  third  rail.  This  standard  has  many  advantages, 
especially  where  heavy  steam  locomotives  have  to  be  operated 
over  the  same  tracks,  but  for  cars  which  have  to  operate  over 
city  streets  there  is  the  disadvantage  of  third-rail  shoes  pro- 
truding beyond  maximum  width  of  the  car  over  the  sidas, 
thus  necessitating  lifting  mechanism  for  the  shoes  in  order 
to  avoid  the  possibility  of  striking  wagons,  etc.,  which  the 
car  might  pass  but  for  the  third-rail  shoes.  The  elevated 
standard  of  20-i  ins.  would  seem  to  be  very  much  better  for 
cars  operating  through  streets  in  terminal  cities.  With  that 
standard  the  shoes  will  pass  anything  which  the  car  will  pass 
and  need  not  be  lifted  nor  current  turned  off  from  them. 

Third-rail  insulators  continue  to  be  very  much  below  the 
standard  of  insulation  which  we  consider  necessary  for  over- 
head  work  or  for  almost  any  kind  of  work  Wood  has  been 
generally  abandoned  as  worthless  even  in  110-volt  work,  and 
wo  sometimes  go  to  great  expense  to  secure  a  good  grade  of 
insulation  in  cases  where  not  half  as  much  is  at  stake  as  in  the 
third-rail  installation.  It  is  certain  that  some  time  in  the 
very  near  future  we  shall  demand  as  high  a  standard  of  in- 
sulation for  the  third  rail  as  we  demand  for  other  classes  of 
work  employing  the  same  voltage. 

At  highway  crossings  the  third  rail  has  to  be  interrupted 
and  the  car  drifts  across.     Experience  has  shown  that  this  is 
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not  at  all  a  drawback;  in  fact  in  practice  it  has  many  advan- 
tages. The  chief  disadvantage  is  that  the  lights  in  cars  go 
out,  and  where  crossings  are  numerous  this  becomes  annoying 
to  passengers.  Xumerous  remedies  have  been  proposed  to 
cure  this  trouble.  There  is  one,  however,  which  has  never 
been  tried,  to  the  writer's  knowledge.  It  consists  in  extend- 
ing the  third  rail  into  the  public  highway  and  protecting  it 
by  a  fence  and  by  automatic  cut-out,  leaving  it  dead  except 
when  a  car  passes  over  it.  There  is  in  every  public  highway 
a  strip  of  waste  land  on  either  side  of  the  traveled  roadway, 
which  it  would  not  damage  to  occupy  for  third  rail,  leaving 
an  opening  25  ft.  wide  in  the  center  of  the  highway  for 
teams.  This  can  easily  be  spanned  by  the  shoes,  and  lights 
thus  remain  burning.  Such  a  plan  necessitates  the  co-opera- 
tion of  the  township  authorities,  who  are  always  an  uncertain 
factor.  If.  in  return  for  this  privilege,  a  light  at  each  high- 
way crossing  were  offered  by  the  railway  there  are  no  doubt 
cases  where  such  a  plan  would  prove  mutually  satisfactory. 
Another  way,  of  course,  is  to  provide  battery-operated  lights, 
which  commends  itself  as  an  advantageous  plan  which  has 
its  own  merits. 

For  the  bonding  of  the  third  rail  only  one  type  of  bond  has 
so  far  come  prominently  into  use,  and  as  its  service  has 
proven  so  universally  successful  but  little  is  to  be  said  on  this 
subject  except  to  repeat  what  has  already  been  referred  to 
in  track  bonding  on  the  use  of  two  bonds  for  each  joint. 
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Under  this  head  may  be  grouped  all  the  details,  such  as 
telephones,  block  signal  system,  etc.,  which  occupy  a  rela- 
tively small  place  compared  to  the  whole,  but  whose  success 
or  failure  may  be  very  largely  reflected  in  the  financial  re- 
turns of  the  road. 

The  telephone  has  come  to  be  accepted  almost  universally 
for  train  despatching  and  is  very  superior  to  the  telegraph 
for  this  purpose  when  time-rooted  prejudices  in  the  latter's 
favor  have  once  been  overcome.  It  is  of  such  importance  to 
have  communication  at  all  times  that  some  of  the  best  roads 
have  installed  duplicate  lines  and  duplicate  instruments. 
For  the  D,  E  &  F  Railway  it  is  important  that  a  reliable 
telephone  service  be  installed  and  a  reserve  provided.  A  pair 
of  wires  must  be  run  the  entire  length  of  the  road  for  the 
despatcher's  use  and  to  enable  train  crews  to  communicate 
with  headquarters  at  any  point  along  the  line.  For  this  pur- 
pose it  is  recommended  to  install  desk  instruments  at  sub- 
stations along  the  line  and  portable  'phones  on  cars.  No  talk- 
ing is  to  be  done  over  this  line  except  strictly  train  despatch- 
ing. For  general  business  either  another  line  must  be  run 
or  connections  made  with  local  telephone  systems.  In  view 
of  the  fact  that  stations  will  serve  the  numerous  other  pur- 
poses before  enumerated,  it  would  seem  advisable  to  have 
connections  with  the  local  telephone  systems,  and  it  is  recom- 
mended to  install  this  service  in  preference  to  a  duplicate 
private  line.  To  a  live  road  reaching  out  for  business  of  all 
classes  such  connections  are  a  profitable  investment.      Too 

much  care  cannot  be  taken  to  secure  an  absolutely  reliable 
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telephone  system  and  to  install  it  in  such  a  way  that  it  shall 
be  useful  at  all  times  when  it  is  most  needed,  during  wind 
and  snowstorms.  Any  reader  of  this  article  can  no  doubt 
cite  a  number  of  roads  which  are  equipped  with  perfect  tele- 
phone service  during-  fair  weather.  When  r-t<>rms  disarrange 
the  wires  and  snow  interferes  with  cars  and  the  schedule  is 
woefully  mixed,  then  these  fair-weather  despatching  systems 
become  worse  than  useless.  It  is,  therefore,  recommended 
that  the  telephone  wires  of  the  D,  E  &  F  Railway  consist 
of  a  pair  of  Xo.  6  Brown  &  Sharpe  gauge  galvanized  iron 
wires,  or,  still  better,  two  twisted  pairs  having  the  same  ten- 
sile strength  as  the  Xo.  6,  the  telephone  insulators  to  be 
provided  with  deep  grooves  on  top,  after  the  manner  of  high- 
tension  insulators,  to  prevent  the  disturbing  dropping  of  wires 
due  to  loose  tie-wires  and  cracked  insulators.  A  high  stand- 
ard of  insulation  in  exterior  and  interior  work  is  to  be  main- 
tained. 

It  is  sometimes  important  to  be  able  to  call  train  crews  at 
points  along  the  line  where  no  regular  attendants  are  sta- 
tioned, and  this  would  necessitate  a  call  signal  device  of  some 
sort.  It  is  an  open  question  if  such  a  call  signal  will  warrant 
its  cost  in  our  case,  and  it  is,  therefore,  recommended  that  no 
apparatus  be  provided  for  this  purpose  at  the  start,  but  that 
sufficient  cross-arm  room  be  arranged  for  on  the  pole  line  so 
that  it  can  readily  be  put  in  place  in  case  its  use  seems  advis- 
able. With  sub-stations  an  average  of  7  miles  apart  only 
there  will  probably  be  few  occasions  when  the  signal  would 
have  to  be  used  except  during  a  complete  disarrangement  of 
the  schedule,  and  it  is,  therefore,  best  to  wait,  as  has  been 
suggested. 
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As  already  pointed  out,  an  automatic  block  signal  system 
is  a  necessity  on  a  road  of  this  character.  One  needs  only  to 
examine  the  list  of  accidents  which  have  occurred  on  electric 
railways  during  the  last  year  or  two  to  be  convinced  of  this. 
It  certainly  seems  strange  that  a  property  which  is  provided 
with  costlv  safeguards  against  low  water  and  high  water  in 
boilers,  over  or  under  speed  of  engines,  overload  and  reversal 
relays  on  generators,  precautions  against  lightning  and  "  reso- 
nance "  damages  and  all  the  numerous  list  of  such  devices, 
will  not  usually  spend  one  cent  in  an  effort  to  avoid  the  most 
costly  of  all  accidents  —  collisions.  jSTo  doubt  this  is  due  in 
good  part  to  the  fact  that  until  recently  no  satisfactory  block 
signal  system  at  a  reasonable  price  had  been  on  the  market, 
but  this  argument  will  no  longer  hold,  as  it  is  now  possible 
to  obtain  it.  It  is  true  that  none  of  these  systems  have 
stood  the  test  of  time ;  they  are  all  too  new  as  yet,  but  as  none 
exists  which  has  stood  this  test  and  which  is  applicable  for 
electric  railway  service,  one  must  take  these  chances.  One 
of  the  essential  features  of  an  automatic  system  which  was 
overlooked  in  the  earlier  types  of  this  apparatus  was  that  the 
signal  should  return  to  "  danger  "  in  case  of  any  derange- 
ment of  its  working  parts  or  in  its  current  supply.  This  is 
now  being  provided  for,  and  no  one  needs  to  hesitate  to  pur- 
chase and  install  block  signals.  That  no  road  can  afford  to 
be  without  one  is  proven  by  the  accident  lists  which  grow 
larger  every  year.  An  ample  allowance  has,  therefore,  been 
made  in  our  estimates  to  cover  the  cost  of  an  adequate  auto- 
matic block  signal  system. 

Closely  related  to  the  foregoing  is  the  matter  of  provision 
to  signal  cars  at  flag  stations.     At  present  it  is  quite  custom- 
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ary  not  to  designate  flag  stops  by  anything  in  particular  — 
possibly  a  small  board  may  be  nailed  to  a  convenient  fence  or 
telegraph  post,  and  some  roads  even  provide  a  few  luxurious 
planks  in  lieu  of  a  platform.  A  motorman  on  approaching  a 
flag  station  rarely  can  see  the  passengers,  if  there  are  any, 
until  he  is  quite  near,  and  he  must  then  make  a  quick  stop ; 
too  frequently  he  runs  past  the  stopping  point,  necessitating 
backing  the  car,  which  consumes  time  and  current.  In  view 
of  the  data  which  is  available  proving  the  value  of  coasting 
or  drifting  of  cars  with  current  off,  it  seems  strange  that  so 
little  provision  has  been  made  so  far  to  provide  a  flag-stop 
signal  which  may  be  seen  for  a  long  distance  in  either  direc- 
tion and  thus  enable  the  motorman  to  shut  off  power,  drift 
and  make  the  regular  satisfactory  service  stop. 

Fig.  5  gives  the  outline  of  a  station  and  platform  suitable 
for  a  flag  stop  of  the  D,  E  &  F  Railway.  A  small  inexpensive 
structure,  10  ft.  x  12  ft.,  is  provided  as  a  waiting-room,  and 
should  be  placed  at  every  point  wherever  a  flag  stop  is  located. 
The  receipts  of  an  electric  railway  are  always  least  during 
inclement  weather,  and  anything  tending  to  increase  the  com- 
fort of  the  traveler  during  such  periods  is  pretty  certain  to 
be  reflected  in  the  bad  weather  receipts.  When  passengers 
are  expected  to  wait  on  an  unsheltered  platform  or  at  country 
crossings  for  from  ten  minutes  to  thirty  minutes  for  a  car, 
they  are  certain  to  give  up  traveling  until  some  better  day, 
or,  in  fact,  may  not  go  at  all,  and  it  therefore  seems  short- 
sightedness not  to  make  some  inexpensive  provision  for  their 
comfort.  Outside  the  small  station  shown  on  Fig.  5  is  placed 
a  post  18  ft.  high,  and  provided  with  a  semaphore  arm  4 
ft.  to  5ft.  long,  and  worked  by  a  lever  from  the  platform. 
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FIG.   5. PLAN,  SIDE  AND  END  ELEVATIONS  OF  A  STATION  AND 

PLATFORM  FOB  FLAG  STOP. 
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Neither  the  arm  nor  the  lever  can  be  locked  in  position,  and 
the  passenger  must  keep  his  hand  on  the  lever  in  order  to 
signal  a  car;  as  soon  as  his  hand  is  removed  the  arm  falls 
back  by  gravity  into  the  position  shown  by  dotted  lines.  It 
can  be  arranged  so  that  at  night  the  setting  of  the  arm  lights 
a  lamp  on  top  of  the  post.  Such  a  signal  may  be  seen  for  a 
long  distance  and  will  prove  economical  for  the  railway  and 
highly  satisfactory  to  the  passenger. 

The  platform  is  shown  in  the  engraving  as  built  of  wood. 
.V  better  and  cheaper  platform  may  be  built  by  locating  as 
many  of  the  flag  stops  as  possible  in  advance  of  the  grading 
of  the  road.  The  sub-grade  may  then  be  widened  at  these 
places  and  the  platform  rock-ballasted  at  the  same  time  sim- 
ilar work  is  done  on  the  track  and  roadbed.  The  cost  of 
this  work  is  usually  less  than  wood  construction  and  it  is  en- 

during.     The  shelter  or  station  can  also  be  built  of  some  less 

i 

combustible  material  than  wood  at  little  more  than  the  cost 
of  the  latter.  The  extra  cost  of  making  these  unprotected 
stations  non-combustible  is  ordinarily  well  invested,  bnt  its 
advisability  must  be  carefully  weighed  in  each  individual 
case. 

The  waiting  stations,  certain  highway  crossings,  switches, 
etc.,  must  all  be  provided  with  lights,  and  it  is  wasteful  to 
use  a  cluster  of  Ave  lights  at  each  of  these  points.  It  is, 
therefore,  recommended  to  run  a  single  galvanized-iron  wire 
the  entire  length  of  the  road  from  which  the  lights  shall  be 
tapped  off  in  series  of  five  lights,  but  only  one  light  used  at 
each  platform,  and  an  electric  light  to  be  substituted  in  place 
of  the  oil  lamp  in  switch  stands.  These  circuits  would  be 
turned  on  and  off  from  sub-stations.     The  liability  of  lights 
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going  out  is  greater  with  electric  lights  than  with  oil,  but 
the  gain  in  reduced  cost  of  maintenance  is  sufficient  to  war- 
rant the  risk,  which,  after  all,  is  not  very  serious  when  one 
considers  that  most  interurban  roads  run  with  no  switch 
lights  whatever.  That  such  lights  are  needed  even  on  the 
most  out  of  the  way  switches  cannot  be  denied. 

Electric  railways  are  at  the  present  time  very  often  the 
object  of  crossing-gates  agitation,  and  there  are  numerous 
roads  which  have  been  called  upon  to  install  either  gates  or  a 
crossing  alarm.  The  latter  has  usually  been  resorted  to  and 
much  difficulty  has  been  experienced  in  finding  something 
suitable  to  electric  railway  conditions.  Xothing  has  been 
standardized  for  this  purpose  at  the  present  time  and  the 
application  of  a  crossing  alarm  must  be  a  matter  of  special 
design  by  the  engineer.  Their  use  is  to  be  commended,  how- 
ever,  as  another  very  simple  way  to  cut  down  the  size  of  the 
accident  account. 

The  distributing  systems  required  to  supply  electric  light- 
ing and  power  service  should  also  be  included  under  this  head- 
ing, but  it  is  impossible  to  go  into  their  details  in  the  present 
article.  In  one  or  two  cases  it  may  be  advisable  to  purchase 
outright  an  already  existing  plant  and  use  its  distributing 
system.     As  a  general  rule,  however,  an  entirely  new  lavout 
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will  have  to  be  provided,  and  in  our  case  it  would  consist  of 
an  alternating-current  series  arc  lighting  system,  a  four-wire 
secondary  system  in  the  business  streets  of  each  of  the  small 
towns  and  groups  of  houses  fed  from  one  transformer  in  resi- 
dence lighting.  In  a  number  of  the  very  small  towns  along 
the  railway  a  verv  satisfactorv  revenue  might  no  doubt  be 
derived  from  such  service,  the  extra  investment  and  operating 
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cost  to  the  railway  is  very  light,  and  would  prove  profitable 
in  cases  where  an  independent  plant  would  be  out  of  the  ques- 
tion. 

The  details  of  construction  have  all  been  discussed,  and  an 
estimate  of  the  cost  of  the  road  built,  according  to  plans  out- 
lined, must  next  be  considered.  The  road  from  end  to  end  is 
<I2.5  miles  long,  but  counting  the  mileage  of  sidings  and  yard 
tracks  it  is  necessary  to  base  the  estimates  on  a  single-track 
mileage  of  66  miles: 

ESTIMATE. 

Excavation  and  embankment $96,000 

Bridges,  abutments,  and  culverts 91,030 

Two  overhead  railroad  crossings,  at  $32,000 04.000 

Ties,  2640  per  mile,  at  55  cents 96,250 

Ballast,  2200  cu.  yds.  per  mile,  at  80  cents 116.000 

Kail,  70  lbs.  per  yd.,  at  $31  per  ton  delivered 225.000 

Joints,  spikes,  and  bolts  for  60-ft.  rails 29,500 

Labor  on  track.  56  miles,  at  $600  per  mile 33,600 

Labor  in  street  track,  6.5  miles,  at  $1,800  per  mile 11.700 

Farm  and  highway  crossings 9,500 

Wire  fences,  24.000  rods,  at  73  cents  in  place 17,500 

Switches,   special   work,  etc 21,000 

Eonds,  24,000,  at  61  cents  in  place 14.650 

Cross  bonds  and  special  bonding  at  switches,  etc 2,000 

Third  rail,  70  lbs.  per  yd.,  56  miles,  at  $36  per  ton  delivered.  .  131,000 

Insulators,  spikes,  and  bolts,  at  62  cents  in  place 18,000 

Joint  plates,  bolts,  and  labor  laying  rail 9,S00 

Bonds,  15,000,  at  73  cents  in  place 10.950 

Crossings  and  crossing  cables 13,500 

Trolley  in  streets,  single-track  span  construction 24.000 

Power  station,  1500  kw,  at  $120  per  kilowatt 1S0.000 

Power  station  building,  $11  per  kilowatt 16,500 

Transmission  line,  55  miles  at  $1,400 77,000 

Sub-station,  freight,  and  depot  buildings 24.500 

Sub-station  railway  apparatus 65.000 

Batteries 80.000 
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Telephone  line $fl.000 

Block  signal  system 35,000 

Stations  and  platforms 5,250 

Switch  and  platform  lighting  circuit 4,000 

General  office  building 8,000 

Car  shops,  shop  tools,  etc 24,000 

Car  bodies  and  locomotive  body 49,000 

Trucks  and  air  brakes 27.500 

Electrical  car  equipment 76,000 

Lighting  and  power  apparatus  and  supply  systems 70,000 

Accidents,  contingencies,  and  insurance,  5  per  cent 89,000 

Administration,  superintendence,  office  expenses,  engineering, 

etc.,  5  per  cent 89,000 


$1,903,750 


The  estimate  does  not  include  any  allowance  for  right  of 
war,  franchises  and  legal  expenses,  nor  for  interest  during 
construction.  It  represents  the  construction  cost  purely, 
which  in  this  case  amounts  to  $29,750  per  mile  of  single 
track.  No  doubt  opinions  will  be  divided  as  to  the  merits  of 
building  a  road  at  this  cost.  Men  who  have  been  building 
interurbans  at  from  $18,000  to  $20,000  per  mile  will  be  in- 
clined to  sneer  at  the  construction  proposed,  and  perhaps 
charge  all  the  excess  cost  against  "  third  rail,"  as  is  the  habit. 
Others  whose  roads  have  cost  from  $30,000  to  $50,000  per 
mile  —  some  of  them  trolley  roads,  others  third  rail  —  may 
be  inclined  to  find  the  estimate  somewhat  low  for  the  class 
of  work  proposed.  Probably  both  are  right,  for  it  is  well 
recognized  that  the  interurbans  built  at  the  first  figures  are 
often  mere  horse-car  systems  grown  to  maturity,  while  the 
term  "  third-rail  road  "  has  become  svonvmous  with  roads 
often  extravagantly  built  and  equipped.  By  choosing  the 
best  from  each,  a  road  physically  and  financially  somewhat 
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like  the  example  we  are  discussing  will  he  the  result,  and 
will  be  more  valuable  than  either  of  the  two  extremes,  on 
the  same  principle  as  a  mule  is  more  useful  than  either  of 
his  parents,  the  jackass  and  the  horse. 

Reference  lias  already  been  made  to  the  A,  B  &  C  Rail- 
way as  an  example  of  extremely  liberal  equipment  and  con- 
struction. Had  the  manufacturing  company's  plan  of  model- 
ling our  road  after  it  been  adopted,  it  is  difficult  to  esti- 
mate without  going  into  details  what  the  cost  of  the  D,  E  &  F 
Railway  would  have  been,  but  it  would  no  doubt  have 
reached  very  close  to  $40,000  per  mile.  The  A,  B  &  C  Rail- 
way cost  nearly  $50,000  per  mile,  and  the  difference  is  due 
to  less  expensive  roadbed  and  similar  physical  conditions. 
Interurban  railways  seem  to  be  making  much  the  same  sort 
of  history  as  that  experienced  by  the  early  steam  railroads 
which  started  with  cheap  construction,  which  did  not  last  its 
allotted  time  and  had  to  make  way  for  better  work.  While 
the  present  steam  railroad  standards  seem  to  be  somewhat  too 
expensive  to  be  adopted  by  the  ordinary  interurbans,  it  is  to 
be  hoped  that  investors  will  learn  to  insist  on  something  bet- 
ter than  the  exceedingly  cheap  outfits,  ready  to  fall  to  pieces 
after  a  year  or  two,  which  have  been  built  in  some  places  and 
their  securities  offered  in  the  market.  But  in  order  to  secure 
permanency  of  construction  it  is  unnecessary  to  go  to  such 
extremes  as  the  A,  B  &  C  Railway  and  similar  properties 
have  gone. 

The  estimated  net  income  has  already  been  shown  to  be 
$140,000  per  annum.  Assuming  the  D,  E  &  F  Railway  to  be 
bonded  for  $2,000,000  at  5  per  cent.,  this  will  leave  $40,000 
per  annum  to  apply  on  dividends,  etc.     Should  the  income 
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reach  the  average  of  other  roads  of  similar  character,  which 
it  will,  with  time  and  good  management,  its  stock  will  soon 
be  hovering  around  par,  and  the  owners  will  permanently 
wear  a  happy  smile,  which  would  never  have,  appeared  to  stay 
had  the  extremely  lavish  or  the  extremely  cheap  construction 
been  adopted. 

Operation. 

The  operating  expenses  have  been  assumed  to  be  55  per 
cent,  of  gross  receipts,  which  seems  to  be  a  very  fair  average 
result.  There  are  roads  operating  as  low  as  45  per  cent.,  and 
in  fact  one  of  the  four  roads  referred  to  in  the  estimate  of 
income  has  operated  the  last  year  below  50  per  cent.  It  is 
also  noticeable,  in  one  or  two  cases  where  operating  expenses 
are  a  comparatively  small  percentage  of  gross  receipts,  that 
apparently  no  effort  has  been  made  to  curtail  these  expenses 
by  employing  low-priced  and  less  labor,  reducing  the  fre- 
quency of  cars,  etc.,  and  the  very  low  figure  seems  to  be  due 
to  an  intelligent  increase  in  gross  income  rather  than  a  nig- 
gardly operating  policy.  It  has  been  said  by  a  well-known 
and  successful  railway  man  that  "  the  best  way  to  decrease 
operating  expenses  is  to  increase  gross  receipts."  Appar- 
ently this  has  been  done  in  the  cases  cited.  An  extra  good 
showing  can  be  made,  of  course,  for  a  year  or  two  by  neglect- 
ing track  maintenance,  equipment,  etc.,  but  it  is  assumed  that 
this  will  not  be  the  policy  of  the  D,  E  &  F  Railway,  and  with 
the  quality  of  construction  estimated,  maintenance  and  opera- 
tion should  be  as  low  as  it  is  possible  to  go  on  any  road. 

Reference  has  already  been  made  to  location  of  power 

house  and  car  shops  near  to  each  other,  on  account  of  economy 
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in  first  cost  and  operation.  One  master  mechanic  may  have 
charge  of  both,  and  they  are  always  under  his  eye.  The  power 
house  force  may  he  organized  into  two  shifts  of  ten  hours 
each,  and  one  or  two  men  provided  for  the  four  hours  when 
the  plant  is  closed  down.  At  the  car  shops  the  number  of 
men  required  is  very  much  affected  by  the  design  of  the  shops. 
If  the  latter  are  well  planned  for  rapidly  handling  the  work, 
and  to  facilitate  inspection  and  small  repairs,  a  small  force 
only  is  required.  Many  roads  find  it  advantageous  to  manu- 
facture in  their  shops  small  supply  parts  and  sometimes  even 
to  take  in  outside  work.  If  such  work  does  no  more  than 
cover  its  cost  it  gives  at  least  the  advantage  of  always  pro- 
viding a  force  of  trained  mechanics  close  at  hand  when  some-; 
thing  out  of  the  ordinary  occurs.  This  applies  more  particu- 
larly to  the  smaller  roads,  which  are  apt  to  be  very  short  in 
shop  facilities  and  whose  ordinary  repair  work  would  not 
warrant  the  employment  of  even  a  modest-sized  shop  force. 

Sub-stations  in  our  case  have  so  many  functions  that  only  a 
small  share  of  their  attendance  should  be  charged  to  motive 
power;  say  not  over  one-third.  Another  third  may  be 
charged  to  train  operation  and  the  balance  divided  between 
electric  lighting  and  the  freight  and  express  business.  As 
already  mentioned,  only  one  man  is  to  be  stationed  at  each 
of  the  smaller  places,  an  arrangement  which  has  proved 
feasible  in  several  instances  where  sub-stations  are  of  larger 
size  and  more  vital  importance.  It  is  only  justice,  however, 
to  say  that  such  a  plan  would  not  be  satisfactory  where  sub- 
stations are  farther  apart,  have  larger  units  and  no  living 
apartments  are  provided.  A  general  oversight,  over  all  the 
sub-stations  may  be  had  by  one  competent  man,  as  already 
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stated,  and  all  of  his  time  will  naturally  be  charged  to  motive 
power.  For  the  maintenance  of  pole  line  two  patrolmen  will 
be  required  who  are  to  make  an  inspection  every  night  and 
make  all  repairs  during  the  hours,  when  the  plant  is  shut 
down. 

Fur  maintenance  of  track  it  is  becoming  customary  to  di- 
vide  the  road  into  sections,  each  in  charge  of  a  "  section 
gang,"  the  same  as  is  done  on  steam  roads.  Each  section  is 
provided  with  a  shanty  for  storage  of  tools,  hand-car,  etc., 
and  the  men  employed  live  within  close  call.  It  is  the  track 
work  which  usually  feels  the  first  effect  of  the  economizing 
policy,  and  any  reader  of  this  article  no  doubt  can  name 
roads  which  have  no  track  maintenance  gangs  worth  men- 
tioning, or  have  sections  from  15  miles  to  20  miles  long  each, 
with  perhaps  two  men  for  such  a  section.  In  our  case  the 
care  and  maintenance  of  the  third  rail  would  come  under  the 
track  gangs  and  it  is  surprising  how  quickly  the  men  will  get 
used  to  the  presence  of  the  live  rail,  driving  and  pulling  spikes 
and  handling  the  live  rail  itself  with  the  utmost  unconcern, 
and  no  serious  consequences  on  this  account  have  so  far  been 
recorded. 

The  train  schedule  proposed  for  1),  E  &  F  Railway  re- 
quires train  crews  familiar  with  steam  railway  operation,  and 
it  is  a  question  of  importance  from  what  class  of  employees  to 
recruit  them.  Of  all  men  street  car  employees  seem  to  be 
the  least  fitted  for  this  work,  because  the  duties  of  the  two 
classes  of  service  are  so  divergent.  It  is  not  denied  that 
there  are  many  very  satisfactory  ex-street  railway  employe. 
on  interurban  runs,  but  that  fact  has  no  bearing  on  the  pres- 
ent case,  because  we  are  assuming  trains  to  be  operated  ex- 
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actly  as  they  would  bo  did  the  motive  power  consist  of  steam 
locomotives.  In  the  latter  case  would  any  man,  no  matter 
how  much  experience  in  street  railroading  lie  may  have  had, 
he  placed  in  charge  of  a  train  without  two  or  three  years  of 
apprenticeship  in  the  intricacies  of  train  operation?  .More 
often  it  is  five  years  to  ten  years  before  a  man  has  charge  of 
a  t  rain.  In  the  meantime  the  interpretation  of  whistle,  flag, 
bell  and  lantern  signal  and  all  the  "  rules  of  the  read  "  be- 
come second  nature  to  him  and  he  does  not  have  to  remember 
them  "  by  the  book."  He  is  also  very  apt  to  have  learned  to 
keep  his  head  in  emergencies  and  not  to  yell  "whoa  "  when 
the  brakes  fail  to  work.  Promotion  is  none  too  rapid  on 
steam  mad-,  and  it  is  therefore  recommended  to  recruit  train 
crews  for  the  T),  E  &  F  Railway  from  among  young  and 
promising  brakemen,  station  agents,  etc.,  of  the  steam  roads, 
and  teach  them  the  little  additional  knowledge  required  to 
handle  electric  cars. 

As  an  illustration  of  the  deplorable  condition  of  affairs  on 
some  interurban  roads  and  not  as  a  joke  (the  matter  is  too 
serious),  a  telephone  conversation  overheard  by  the  writer  be- 
tween a  "  despatcher  "  and  a  "  conductor  "  of  a  prominent 
interurban  railway  is  here  repeated: 

Conductor  —  "  Hello,  Bill,  that  you?  " 

Despatcher  —  "  Yep,  Charlie,  that's  me." 

Conductor  —  "  I'm  at  .     Raining  like  down 

here." 

Despatcher  —  "  So  is  it  up  here;  barrels  full  of  it." 

Conductor  —  "I  am  ready  to  come  in.     All  right? ' 

Despatcher —  "  Yes,  I  guess  so.  Wait  a  minute.  Xo.  12 
is  out  somewhere  in  your  neighborhood,  and  you  better  kind 
o'  look  for  her." 
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The  two  cars  ordered  to  "  kind  o'  look  out  "  for  each  other 
on  that  dark  and  stormy  night  are  both  capable  of  over  GO 
miles  per  hour,  and  the  schedule  regularly  calls  for  nearly 
that  maximum  speed.  Is  it  any  wonder  that  accidents  are 
on  the  increase? 

The  supply  of  electric  lighting  and  power  requires  a  dis- 
tinct organization  of  its  own,  ami  the  manner  of  handling 
this  business,  scattered  over  numerous  small  towns  along  the 
railway,  must  lie  "  felt  "  for  as  the  business  develops.  With 
the  current  a  by-product  of  the  railway  plant  it  becomes  pos- 
sible to  give  continuous  service,  day  and  night,  in  even  the 
smallest  villages,  something  always  highly  appreciated  by  cus- 
tomers. A  systematic  canvass  for  new  business  and  house 
wiring  and  other  supplies  at  cost  are  a  great  help  to  get  and 
hold  business,  in  fact,  the  methods  of  the  most  successful 
electric  lighting  companies  will  bear  copying. 

The  manner  of  securing  and  holding  passenger,  freight  and 
express  traffic  is  outside  the  sphere  of  this  article.  It  is  use- 
less to  suppose  that  the  traffic  will  come  without  soliciting, 
and  the  most  successful  interurban  railways  are  examples 
how  to  handle  this  part  of  the  business.  There  are  other 
examples — how  not  to  do  it. 

(  Ikxkkal  Conclusions. 

The  various  factors  entering  into  the  problem  of  selecting 
methods,  materials  and  equipment  for  a  proposed  road  have 
all  been  discussed,  and  the  reasons  pro  and  con  for  having 
made  the  selections  as  here  outlined  have  in  each  case  been 
cited. 
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There  are  many  whose  ideas  will  differ  very  radically  from 
those  advanced  in  this  article,  and  it  is  fortunate  that  there 
are  differences  of  opinion  —  if  all  men  thought  alike  there 
could  he  no  real  progress  of  the  world. 

A  summary  of  the  recommendations  made  and  a  compar- 
ison with  some  recently-built  and  heavily-financed  properties, 
shows  that  it  is  recommended  to  invest  less  money  in  elec- 
trical equipments,  power  house,  transmission  line,  sul> 
stati< ins.  track  rails  and  third  rail.  It  is  recommended  to 
invest  more  money  in  track  ballast,  car  bodies,  trucks,  block 
signal  system  and  waiting  stations. 

It  is  noticeable  that  the  last  items  do  not  have  the  ad- 
vantage of  being  controlled  and  placed  on  the  market,  practi- 
cally without  competition,  by  large  and  powerful  corpora- 
tions as  do  those  in  the  list  marked  for  less  investment. 
One  never  hears  of  the  electrical  or  steel  manufacturing 
companies  making  very  strenuous  efforts  to  get  their  cus- 
tomers to  use  large  quantities  of,  say,  gravel  ballast,  but 
they  expatiate  much  and  long  on  the  advantages  of  lots  of 
electrical  apparatus,  etc.  If  all  the  gravel  ballast  could  be 
handled  by  one  or  two  of  these  companies  we  should  soon  see 
deserving  men  earning  large  salaries  getting  railway  people 
to  use  double  the  quantities  of  track  ballast  now  customary  — 
at  three  times  the  present  price. 

Attention  is  also  called  to  the  lighting  and  power  supply 
business  a-  a  means  of  utilizing  the  "  by-product-  *"  of  an 
electric  railway  power  station.  Our  friend-  and  competitors 
in  the  gas  business  have  long  since  learned  the  value  of  these 
by-products  and  electrical  concerns  of  all  kinds  might,  with 
profit,  copy  their  methods. 
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In  conclusion,  it  is  hoped  that  there  may  be  fewer  inter- 
urban  roads  built  which  deserve  the  appellation  bestowed 
on  them  by  a  well-known  engineer  — "  monuments  of  effi- 
cient salesmanship  "  —  and  if  this  series  of  articles  will  aid 
in  any  way  towards  securing  a  permanent  standard  of  con- 
struction without  lavishness  or  excessive  cheapness  its  pur- 
pose will  have  been  served. 
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edition.     303  pages,  148  illustrations 2  50 
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Billings,  W.   R.— Some   Details  of  Water-Works  Construc- 
tion 

96  pages,  28  illustrations 2  00 

Billings,  John  S.— Ventilation  and  Heating 

500  pages,  210  illustrations 4  00 

Cement  Industry,  The 

Description  of  Portland  and  natural  cement  plants  in  the 
United  States  and  Europe,  with  notes  on  materials  and  pro- 
cesses in  Portland  cement  manufacture.  235  pages,  132  il- 
lustrations    3  00 

Collins,  A.  F.— Wireless  Telegraphy   (in  preparation.) 
Considere,  A.— Reinforced   Concrete 

Translated  from  the  French,  with  a  preface  and  additions  by 
Leon  S.  Moisseiff 2  00 

de  la  Tour,  Boy— The    Induction    Motor;    Its    Theory    and 
Design 

Set  forth  by  a  practical  method  of  calculation.  Translated 
from  the  French  by  C.  O.  Mailloux.     225  pages  and  77  illus. . .    2  50 

Diagrams    of    Electrical    Connections,    with    Explanatory 
Text 

32  pages,  paper 50 

New  and  enlarged  edition,  cloth  binding,  in  preparation 1  00 

Dobbs,  A.  E.— Practical  Features  of  Telephone  Work 

i2mo,  cloth.      134  pages,  6i  illustrations 75 

Electrical  Designs 

262  pages,  289  illustrations 2  00 

Emmet,  William  LeRoy— Alternating  Current  Wiring  and 
Distribution 

Contains  a  very  clear  account  of  the  principles  of  alternating 
currents  from  the  practical  point  of  view,  and  of  their  distri- 
bution and  application  to  lighting  and  power.  Second  edition. 
98  pages,  33  illustrations.     i6mo,  cloth I  00 


Fairman,  James  F.— Telephone  Wiring i 


00 


Frund,  H.  W.-Moonlight  Tables  for   I  903 

Covers  all  months  for  1903.     The  tables  are  printed  on  a  large 
sheet,  14  X  20  inches 50 


Gerard,  Eric— Electricity  and  Magnetism 

With  chapters  by  C.  P.  Steinmetz,  A.  E.  Kennelly  and  Dr. 
Cary  T.  Hutchinson.  Translated  under  the  direction  of 
Dr.  Louis  Duncan.     392  pages,  112  illustrations 2  50 

Gonzenbach,   E.— Engineering  Preliminaries  for  an  Inter- 
urban  Electric  Railway 100 

Goodell,  John— Water-Works  for  Small  Cities  and   Towns 

2S1  pages,  53  illustrations 2  00 

Gotshall,    W.    C.— Notes    on    Electric   Railway    Economics 
and  Preliminary  Engineering. 

A  series  of  Notes  on  the  Preliminary  Engineering  of  Inter- 
urban  Electric  Railways.  pages,  illustrated 2  00 

Hanchett,  George  T.— Modern  Electric  Railway  Motors 

The  various  commercial  types  of  electric  railway  motors  are 
described  in  full  detail,  including  mounting  and  control.  200 
pages,  157  illustrations 2  00 

Handy  Tables  for  Electrical  and  Steam  Engineers 

iS  tables  found  to  be  useful  in  arriving  at  approximate  results 
without  extensive  calculation.     Pamphlet,  Svo,  16  pages 50 

Hering,   Carl— Electrochemical    Equivalents i  oo 

The  Universal  Wiring  Computer. 

For  determining  the  sizes  of  wires  for  incandescent  electric 
lamp  leads,  and  for  distribution  in  general  without  calcula- 
tion, with  some  notes  on  wiring  and  a  set  of  Auxiliary  Tables. 
44  pages,  4  charts 1  00 

Herrick,  Albert  B.— Practical  Electric  Railway  Hand  Book. 

Handsomely  bound  in  leather,  with  flap.     450  pages 3  00 

Hopkinson,  John— Original   Papers  on  Dynamo  Machinery 
and  Allied  Subjects. 

Authorized  American  edition.     249  pages,  98  illustrations 1  00 

Houston,  E.  J.— Advanced  Primers  of  Electricity. 

Vol.  1       Electricity     and     Magnetism     and    other      Advanced 

Primers.     Second  edition,  318  pages 1  00 

Vol.  2     Electrical  Measurements  and  other  Advanced  Primers. 

429  pages 1  00 

Vol.  3  Electrical  Transmission  of  Intelligence  and  other  Ad- 
vanced Primers.     330  pages 1  00 
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Dictionary  of  Electrical  Words,  Terms  and   Phrases 

Fourth  edition.     Greatly  enlarged.     990  double  column  octavo 

pages,  582  illustrations 7  00 

Pocket  edition.     945  pages,  cloth 2  50 

Pocket  edition.     945  pages,  leather 3  00 


Electricity  One  Hundred  Years  Ago  and  To-day 

199  pages,  illustrated 1  00 

Houston,  E.  J.  and  A.  E.  Kennelly— Algebra  Made  Easy 

101  pages,  5  illustrations 75 

Electricity    Made    Easy    by   Simple    Language    and 

Copious  Illustrations 

348  pages,  207  illustrations 1   50 

The  Interpretation  of  Mathematical  Formulae 

225  pages,  9  illustrations I  25 

Electrical    Engineering    Leaflets,    Containing     the 

Underlying  Principles  of  Electricity  and   Magnetism. 

ELEMENTARY  GRADE— suited  to  the  study  of  Electrical 
Artisans,  Wiremen  and  to  Elementary  Students.  296  pages, 
121  illustrations,  8vo,  cloth 1   50 

INTERMEDIATE  GRADE— suited  to  students  in  High 
Schools  or  Colleges,  and  those  beginning  the  study  of  Electrical 
Engineering.  300  pages,  140  illustrations,  8vo,  cloth 1   50 

ADVANCED  GRADE— suited  to  students  taking  Technical 
Courses  in  Electrical  Engineering.  296  pages,  121  illustrations, 
8vo,  cloth 1  50 

Electro-Dynamic  Machinery 

A  text-book  on  continuous-current  dynamo-electric  machinery 
for  electrical  engineering  students  of  all  grades.  331  pages, 
232  illustrations 2  50 

Recent  Types  of  Dynamo-Electric  Machinery 

612  pages,  435  illustrations 4  00 

(ELECTROTECHNICAL    SERIES-10    VOLUMES.) 

Alternating  Electric  Currents 

Third  edition,  271  pages,  102  illustrations 1  00 
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Electric  Arc  Lighting 

Second  edition.     437  pages,  172  illustrations 100 

Electric  Heating 

290  pages,  86  illustrations 1  00 

Electric  Incandescent  Lighting 

Second  edition.     50S  pages,  161  illustrations 1  00 

The  Electric  Motor 

377  pages,  122  illustrations 1  00 

Electric  Street  Railways 

367  pages,  15S  illustrations 1  00 

Electric  Telegraphy 

44S  pages,  163  illustrations 1  00 

The  Electric  Telephone 

Second  edition.     454  pages,  151  illustrations 1  00 

Electro-Therapeutics 

Second  edition.     452  pages,  147  illustrations 1  00 

Magnetism 

294  pages,  94  illustrations 1  00 

Kennelly,   A.   E.— (See  Houston,  E.  J.  and  A.  E.  Kennelly.) 

Knox,  Chas.  E.— Interior  Wiring  (in  preparation.) 
Lyndon,  Lamar— Storage  Battery  Engineering 

A  practical  treatise  for  Engineers.     Cloth,  360  pages,  178  illus- 
trations and  diagrams,  4  large  folding  plates 3  00 

MailloUX,   C.   O.— (See  de  la  Tour.) 

Mason,  H.— Static  Electricity  (in  preparation.) 
Merrill,  A.  E.— Electric  Lighting  Specifications 

For  the  use  of  Engineers  and  Architects.       Second  edition,  en- 
tirely rewritten.     213  pages 1   50 

Reference  Book  of  Tables  and   Formulas  for    Elec- 
tric Railway  Engineers 

Second    edition.     Flexible    morocco.     128    pages.     Interleaved 
with  blank  pages 1   00 
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Meyer,  Henry  C,  Jr.— Steam   Power   Plants,  their   Design 
and  Construction 

160  pages,  16  plates  and  65  illustrations 2  00 

Meyer,    Henry  C.— Water  Waste   Prevention:    Its  Import- 
ance, and  the  Evils  Due  to  Its  Neglect 

Cloth.     Large,  Svo 1  00 

Miller,  Kempster  B.— American  Telephone  Practice 

A  comprehensive  treatise,  including  descriptions  of  apparatus, 
line  construction,  exchange  operation,  etc.  Third  edition.  518 
pages,  379  illustrations 3  °° 

Moisseiff,    L.   S.— (See  Considere.) 

Monroe,  William  S.— Steam  Heating  and  Ventilation 

150  pages,  90  illustrations 2  00 

More,  James,  and  Alex.  M.  McCallum— English    Methods 
of  Street  Railway  Track  Construction 

Reprinted  from  the  Street  Railway  Journal.  Pamphlet.  26 
pages,   illustrated 35 

Parham,  E.  C,  and  J.  S.  Shedd-Shop  and   Road  Testing 
of  Dynamos  and  Motors 

626  pages,  211  illustrations 2  50 

Poincare,  H.— Maxwell's  Theory  and  Wireless  Telegraphy 

Part  I.  Maxwell's  Theory  and  Hertzian  Oscillations.  By  H. 
Poincare,  translated  by  Frederick  K.  Vreeland.  Authorized 
American  edition.  Part  II.  The  Principles  of  Wireless 
Telegraphy.  By  Frederick  K.  Vreeland.  In  one  volume. 
Cloth 2  00 

Pratt,  Mason  D.,  and  C.  A.  Alden— Street  Railway  Roadbed 

A  treatise  on  the  construction  of  the  roadbed,  giving  data  as 
to  rails,  method  of  track  fastening  and  making  joints,  guard 
rails,  curves,  etc.     135  pages,  157  illustrations 200 

Reed,  Lyman  C—  American  Meter  Practice     (In  press) 
Roller,  Frank  W.— Electrical  Measurements  (In  preparation) 
Shepardson,  George  D.— Electrical  Catechism 

450  pages,  325  illustrations 2  00 

Skinner,    Frank   W.— Types    and    Details    of  Bridge    Con- 
struction   (In  press) 
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Steinmetz,    Charles    Proteus  -  Theoretical    Elements     of 
Electrical  Engineering 

Second  edition.     320  pages,  148  illustrations 2  50 

The  Theory  and    Calculation    of    Alternating    Cur- 
rent Phenomena 

Third  edition,  525  pages,  210  illustrations 4  00 

Vreeland,  Frederick  K.— (See  Poincare,  h.) 

Water  ToWer,  Pumping  and   Power  Station  Designs 

Contains  17  designs  of  water  towers  and  17  designs  of  pumping 
and  power  stations.       Cloth,  quarto.      34  full-page  designs 2  00 

Wiener,  A.  E.— Practical  Calculation  of   Dynamo-Electric 
Machines 

A  manual  for  Electrical  and  Mechanical  Engineers,  and  a  Text- 
book for  students  of  Electro-technics.  Second  edition  727 
pages,  3S1  illustrations 3  00 

PERIODICALS. 

Electrical  World  and  Engineer. 

An  illustrated  Weekly  Review  of  Current    Progress    in  Elec- 
tricity and  its  Practical  Applications.     Annual  Subscription. . .   3  00 
To  Foreign  Countries 5  OQ 

General  Index  to  the  Electrical  World.  (Subject  and  Author.) 

Vol.  I.     From  January  1,  18S3,  to  January  1,  1S97.  372  pages..  8  00 
Vol.  II.     From  January  1,  1897,  to  January  1,  1903.     (In  prep- 
aration.) 

American  Electrician. 

Monthly.     Annual  subscription r  00 

To  Foreign  Countries '.   2  00 

Street  Railway  Journal. 

Weekly.     Annual  subscription ,  00 

To  Foreign  Countries , . '  "  g  00 

The  Engineering  Record. 

Weekly.     Annual  subscription 5  OQ 

To  Foreign  Countries .......]   6  00 

Temporary  Binders. 

For  any  of  the  above  periodicals T  00 
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